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1,300ANZEBZ, EEAMSERBEFEST 20 & LT, WO AERIED S FEOIT Z i
TEBETLHHEL ER-oTND,

EANOT e fERICBE LTk, 1914FEOHESE 7 —F X —LIEY, 98FERDHIVELHICNT T
O RFFLRIEIEMEM N a3 7 TTNERBIR RS, —HOBURE I L 213 iREF
HEREZ > TWD, FIFEITIE, BARELEGNAA X v 7L ADIANTH L HFE =N
2k FAVEE I TR ZE, 98FEITIT N A &7 o NEBRT m k34 B iE SCEL M e &S TR S
THY ., EES ISR T - BRIEHICZR>TnD EEbR TV, I#EETH S I v

— e FF R AN FAFICHELET e TALEI - TED, %$mﬂ EIvyr~—-F
U UTRDOREBE N X DEX A« v o~ — KRR HILFE, 2001426 A 121E b A K
FEIF AR E I AR Z LT D,

(2) RiBEN
O @ EsiE
a. M
XA TIL, B REFRFSBAREE (1962-66 ) LIKE, fEESEAR ORI E B
RO TN, EREHESESR, =XV E—va VR L, XA ENICE
F B RE R OV s D 9 Bl A BRI E N - TR Y | BRIEIFT D2 EA M IEF I E N
—Ji. BHEbN 37 TR, BRI DT 0 ISR 2 F T 5 AKIES AR O 0 T
bolmZ b, AT —2 U — 3 OBV T B OO, %@F
. B2 ASEER S AE L, SIS K DRI « REUGYHTEZ R &
N Az ARRIEIR, L LT, EER(EmEIC ﬁwéL%ﬁ%@%éMWﬁ
AR 2 & I NS HIE RSB O RN N TN D Z IR L T D
_9Ltﬁﬁ%%®ﬁétw B VHMHETIE, 9,000 [EARN—YOTEEZHEL., B
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PR, HUT 8. ESHEE O R EREEEOILEA BT Th 5,
b. JEK
(a) JERE ORI
Z A DERIE, ATEEH LOXIMTEY, BTICHBEINTND,
R EE (Special Highways) & OVEHIE K Motorways) :
B RV E L, BRI & B UGBS 21T > T2 mEs o EhE,
[EE (National Highways) :
A E R RN E L, MERAE A <L BEORBIT R A, EEERTI A A S
— &k [EE (Primary Highways) &, BT & 2 WY S#T, ARTAR A5 2
i 5 T fk[EE (Secondary Highways) IZ0fE I LTV 5,
#1578 (Rural Roads)
WHANILEER ., FRE B RER. EE R SHBEHEK. &
FE LG ELER . RATEBOES SN E B, 5 BB IR £ 72 13X 0 Fh
ANCALE S 5 E K,
H VR B K OV AR OB B
Ny arz#{Faagie, FHTBIRENEH, BIRENEOEEXNICH 518
o N3l TITEBTINER O/ERR - HELZ1T 9 2, £ OMoO BIRKIZHONT
X, WEAALFERDERZITV, BEHOLBIBKRIIBE S5,
FFEFE

L.
FIRE D RV 200 U CHEER - BEIE &4 A, FRORIRI TR AIERK &
72 % (BOT 5%,

#1-8 Wk

L E B
1996 4 46, 600km 2, 206km 48, 806km
1997 4% 50, 233km 1, 933km 52, 166km
1998 /= | 52, 969km 1, 421km 54, 390km

1999 54, 451km 1, 190km 55, 641km

2000 4F 56, 599km 844km 57, 403km

(b) HBEEOEARI
2001 FED X A 2t BEYEREEGEIT. RIVERN 634 TR (v /Ty NTFv %
i), NAWB LR, Ty 761 TR, A=A 1,524 TR ER->TEY, T ZHF
EVHOREZRL TV D,
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F1-9  FAOHBEEEAK
1999 4 2000 4 2001 4F
e H 5,876,082 & | 6,004,207 & | 6,336,201 &
AP 117,867 & 122,187 & 130,270 &
NT > 613,343 & 652, 520 & 673,599 &
F— hxAg 13,244,961 & | 13,816,560 &5 | 15,236,081 &

(c) ZmEHEH DRI
ASEHEL, 1994 4EIC 10 FHLLERRA L=, FO®RBUMEAICH Y . &IT 5
FERNE 7-8 T THERS LT\ D, FEEE S F 2 BMENICH 5,

# 1-10 2 A DA FEHIL

FRATE T AEE
1997 4 82, 336 1 13,836 A 48,711 A
1998 4 73, 725 4 12,234 A 52,538 A
1999 4F 67, 800 {4 12,040 A 47,770 A
2000 4 73, 737 11,988 A 53,111 A
2001 4 77,616 1 11,652 A 53,960 A

(d) v =7 OEBEORE
Nl T, 1782 FEOBIERLIKE, M A FIH L2 AKER, BEICHZ 0 2@ TR
k& SO TE T2, 1960 FERICAD . AKEICHR > THEHIC X D80S0 b & 72 o 7228,
ANAROFEEDOER ZZ T, AR IZIEN - 72 b O DOERORAR DBV 23T,
1BVER R BRI AT D X D IR o Tz,
3y OIERR (BRI SO 2 EREEORE) (X, FOisT 8.6%L 2> Tk
0. HROKRERH & D & (B 23 X 13. 6%, == —3I—2 23.2%, 25U 20.0%, ©
K216, 6%) . #RD TRV IRILIZH B,

c. B
(a) #ZA[E#(State Railway of Thailand)
7. SRT DN
Z AT, 1891 Flo v ay - FarIFy v HOSERERP I, 20N
Nray - Tag YN 1897 FICBHE L, BRI, 2237 0 BEHRIRIC S
HIZIEONCE D, MIMEHBRE LTI, T~ ETOIE, /oA KRDTTRST
FX L =FTORIM, 770V 7F77— bETOFB, "L RP— L ROA T
fan—7 ETOMBNRH 5,
A . SRT O &K IEE
AR EEEE T2 E TR 4, 000km Thd D23, BEHULZ O 100km L2NRV, ED

12



7o, FIEOITZEVETZHBEIITONER DD, BV AT AOEMHRR L H
D, FT7T7ANREL, XA TYOEIILFEELLL TWD,
U, BREE - B ORI
BREIT~ L= T, AR YT e EORBEEE & [F U (n 77 —2) TH DR, b
—b s ERDEFEBEALTE Y, TROBBENOEHREERHE Y I TN
7=, FIEOBRER L SV, JIETETT  — BRI XD REES D, T«
— BN —IC Lo THETEINTEY, Bl Ty, EEHEML LS ON
%< SEMRETFIC K o TIHHAZEZ L TV ARIICH 5728, BHEELARELTEY,
EHARICLD2BEHFRIE T LMD | EAITEENREICH D EE 25,
T, EE
REEEIL, 1-3 FIZHZT 6N TWLR, BUNOBR TEGIE< M 6N TND,
f%:S%ﬁﬁi BRERF O H CHEFITEENL <, 2FHEZD 90%2L 2 5D
ZH 5T, EENAIZED DB T 500 L2, SRT OEHEINKIX, 1974
E®ﬁ%&%u%\ TFEHFEIRFRRE DN TV D,
. ek
W& DL REIZ OV TIE, 2001 4E1349 5,600 5 AT, Z ZEERDEAICSH D, F
ABMITRAHHROBE L AL TH Y, BEHET W ORHFITF/K 500 A
WX, FKIE, A4 YOOI, FIHAREOD /2 X HEOEF e &
HFoN5, REOEEEIZBITHEED > = 71T SUFEE,
EWEEEIT, 2000 4EICF1T D EREN 983 I KT, BYORERICE T H8hED v
TIX 2R L o> TEY | REOHES & FERIERNEISGITE E > TV D,

(b) EEEEER 7Y =7 b
Ry EERE OGN T2 ZS@EE R D 7= 6D, #%H 9,000 fEAA—Y L EbN A4 72
TuYxZ ERFEENATWDS, FHEFOT ey 7 MILLTO®Y,
RN aMTFER(TN—F A4 ) T el

MRTA (Mass Rapid Transit Authority of Thailand) ZFEETAIATa =7 k
X, EEE1ER1T (JBIC) O FIMEKIZ L 0 . HmE LR, BRE. F oL LHEEHE
i, MR 8% oD HE 5 K ONEE (2O T, BMCL (Bangkok Metro Co., Ltd.)
NEEELZTE L TWD, XKL, A7 7R ernn 7~ 9 @D 2 H LT
R A—F TORK 20km, 2004 4F 8 AIZBHEE T &,

« BTS JEffF 1
BTS (Bangkok Transit System: B A A4 b~ L A4 > ) iX . BMA(Bangkok
Metropolitan Authority: /3 = 7 HRBJT) N EEET 2 E2R8kE T, 1999 4F 12 H
WCB¥ELTZ, E—TF v heA Xy FEFESATZ LAY MiE, T atrx
BT NEZ RS —a ARND D, BTS 1E, BN L L TR
G (W'Y 10 S—2 0 BHFART 3.5 N—=V ) | BRADT 7 E AR
AMEZRT= . FIHEFA 25 HAN/R & BPIRIAZ 60 TN/ H & OTEREN K&
W, FIHEOEGOTD, REFEDMGRE DT 7B A Z EIZLIZD, = A7
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U— X — R8T 5 E M OUEICEE O TWHN, BRHIFIHEEESZHEL,
A7 LEy ML — 1 AROBIEM Z 5 LTV 5,
cSRT DR T =2 b

AR i@ Y | SRT X FITHS A & G # i & 25 SR EREER & $hE & L CThHne

LTCWER, #ifiaa—F—¢ LTOMEZITEAERL TR, ERE

K& LT, EEAKOD RS, BRI OMES VAT LORHIZEL D4 A4 YD

Bz EREFons,

o LRI A S ET L, SRT T Fo 7Y =7 h&iHEF,

1) $uBERME . EIRAROHEK, A= RT v 72/5H70, LT
27 R DOFRRR 5 FRIX 234km O E 1993 £ BB T,
NoRF—ay TV, NURFowy AFH, # U~
Fyr— FaALREAR, Ty bV RFR, A
A—— B Y Ty R

i) BUETR(L : BV LB E &SSO L OICEH L, mdiEis, 28
PEom b, BUERSFOE IMbE BN E 355, Kok
Kear s )—  NUIEFET L Z EBELZDLINAERR, ([
IRFIZ L—b » IR O\ R V7 L—/bk b iThbh b,
XX DA FHIA 1, 600kn,

ii) ZEf LIFO#EY | 4 AR CTHFE 793k OIEEDSFHE SN T\ 5D,
(T FrA-F =T 1) 246km
HALRR (T T YA —F =237 AR 368km
B (=727 h=F 35— /) 16km
AR (R T 2 ==X ) 163km

iv) Ak : N A—==F vy M, RNrarz-FxyF =A%

NEYREBAL T B EFE, b T, N oy ERRZemis. &6 2
N3y [EBRZEHERE OB HAT 5 .

@ W ERE

a. WRHEDRDL

BUEX A EFEOMIT 41 #5223, Wb HEA /NS < BRlERE S & /LR
NA—IZENZENTEBY . Z A FIMEYR OB S = 7138 10028 £ - TR Y, 90%T
SNEFERR IR LT b, ANEE T, Rt 2 Y —2 7 A Th S New Grand
Alliance (HAPAG-LLOYD, NYK, 0OCL. P&0 NEDLLOYD) & New World Alliance (HYUNDAI, MOL.,
APL). & 5{Z1% MAERSK/SEALAND #. EVERGREEN #:73 KH= T Fiivad L A F v 3kl
I EMNC TR STV D,

b. WEORPL
A DREWRUEE LT, NrazdE(ayr MM EVAF Ay N\ ED2O8H 5,
NeaZWEF ¥ A7 7Y —)INRREOWINETH D70, KB AT X 3 (K]
FR 8.2m), FEHER N a7 TNIIALET 2 2 & bILERPHEERRDUICH D . EHI
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XN O EBEEEAEFI DT, 1991 FIZ L AF v N ERER AN (Far 7V R, A
> 7 B 130km) .

Nya g OFRBHREIL, BIFOTA RZ A4 1250 100 5 TEU IZIMZ HhTEY |
L I F ¥ R PO AR B B34 2 B9 LTV % (2001 4E T 230 5 TED).,

#1-11 Nyayzglb U AFy oo a TRk E
(HAL : F TEU)

VT L AT vk
1997 4 1, 394 1,118
1998 4F 1,330 1,525
1999 4F 1,321 1, 828
2000 4~ 1, 337 2,105
2001 4+ 1, 320 2,312
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1.1.5
(1)

EEZSNI
A5

Z A%, FRED BRSO

EHi=Y

WIZAELTEY.,

El B

T

WIS Ll - 2 TH D, FHO

EEENNS L, EEIEN X A FRETC33. 7°C. IR IEN 24, 7°C, EHAIEN28.5C & 72

STW5, ZEEIITREORHIC L VRET L GRIINT B, S OICHERIIFESTLZFITOTH
b,
20024E D X A OHIERIGIE & RN EOHEE L, F1-121RTHY TH 5,
*1-12 SUR & K (2002 4F)
18 2H 3H 4K 5RH 6H 1R 8H 9H 10R 1A 128 Z£E

SRR (°C) 22.3 25.1 21.2 29.5 28.2 28.0 27.3 26.8 26.6 26.2 25.0 24.0 26.4
- BEsECC)| 365 [ 383 41| 428 424] 375| 37.0| 366 35.4| 366 | 363| 36| 428
RIEKE (C) 9.3 9.5 10.8 14. 4 19.9 .2 20.0 19.4 19.8 13.6 13.8 10.0 9.3
fi%lié(n}n})' """ 7737758 204 a1 4 2412 153717 304.4 73015 | 990 [ 101.1 | 37.7 | 1,469.0
H&R (°C) 23.1 26.0 28.1 29.7 28.4 28.4 27.4 26.9 27.0 25.8 25.3 27.1
S %Eié&ii@i (365 37.4| 405 | 419 3872 (870 356 346| 359 | 3701 36.7] 41,9
RIESE (°C) 10.5 13.5 14.5 19.3 20.9 21.5 21.5 21.6 15.6 15.2 14.6 10.5
mAEmm | 09| 10.71 57.9| 6527 210.0 | 2097|3371 355.6 | 96.7 | 24.3| 21.6 | 1,620.3
EHEGR (°C) 25.8 28.4 29.6 30.9 29.1 29.0 28.2 27.8 28.0 27.3 21.2 28.4
e |BERE(C)| 365[ 3901 40.6] 413 | 39.0] (369 3721 30| 358 | 358 36.2] 41.3
BESECC | 94 180 17.5] 182 19.5 | L2220 2.0 21.5[ 17.4 | 155 145] 9.4
fsK = (mm) 7.0 18.4 26.4 49.9 | 184.5 114.2 | 171.3 | 245.9 | 178.5 83.2 39.4 | 1,241.2
EHRR (°C) 26.3 28.0 29.0 29.8 28.9 29.0 28.0 28.0 28.0 27.17 28.0 28.3
- Bm5A(CC) | 362 [ 37.6)| 38.8| 404 384 (873 361 36.1| 371 [ 3731 36.8]  40.4
HIESR (°C) 15.1 19.1 21.1 22.1 22.0 21.9 22.2 22.2 19.0 18.5 19.0 15.1
BmAEmm | 65| 3171 779 8977 255.5 | 190 27 286.0 | 262.6 | 127.77| 68.4 | "39.2 | 1,665 2
$i’~lmum(°c) 26.0 26.8 27.8 287286 284275274 274266270 276
Eag 38.0 31.7 37.5 36.7 36.5 37.0 36.6 36.0 38.4
(FEE) 19707 19.6 | 1927206 T2 21 0aT 208 213 16 4
78637 131.0 | 78687 1310 | 133.2 | 176 27 375.8 | 275.9 | 1,587.3
29.0 28.17 28.5 27.8 21.2 27.3 27.2 21.17 28.0
BER 738727 368 | 3517350 344 3537 3487 346 | 386
(TEfER) _ . 6| 2157 214 ] T e s 221 21 e | 29 T 1900
B K2 (mm) 3.7 1.2 22,9 178°37 283.2 | 7233737 387.7 73925 | 2674 7| 183.4 | 144.2 | 2,361.2
EHEGR (°C) 25.2 27.1 28.5 29.6 28.7 28.4 27.6 21.3 27.3 26.6 26.5 27.6
2 BESECC) | 365 [ 300 41.1| 428 424 (875 3721 35| 371 [ 37.3] 36.8] 42.8
BESECC | 93| 95| 108 | 144 19.5 | J19.2| 19.4( 19.8[ 13.6 | 13.8) 10.0| 9.3
f 7K = (mm) 7.1 12.7 50.4 77.2 | 212.2 160.0 | 266.7 | 276.1 | 142.7 | 140.3 91.7 | 1,607.9

O wHZE (5-10H)

@

AT RA— (ZF

%2 (11-2H)

W LA RE L A— D

WA, BPIEAR

BN SN,

L<HBEBERNZO, FER T HFESHVFEH TH 5,
@ =&F (3-44)

FHTROEFWVE
Fom<<mL, WRLESE

BT, WA

fHiTh 2,

16

528 40°Car < I

ETDHIELH DN,

iR ORI AZ T, i H 12 FRREREOM LWENA Lo /- A2
— L&D, BRI ZEOBED D5 H & 10 H

D 30°CHIZIZRD B DD, FIBRILIR

2RI T4%R014% & B




(2) His:

HATIA Y RO TR EO R JER (UL 300 7 H21RE . BARITEES03 7 B 105E£3043) 1T
L. [E+EfEIE513, 116km* T, FFILITHI2, 500km, FRPEICHIL, 250kn% e, Sy o~v—, =L
=T WURYT . TARLEEEEL WD, WERIT. XA (T E) 121, 840km,
T~ (A RTE) 1I2865kmdh

A ANIXT6D RN H Y | #E5 - S0fbry, AR, FEEMICR T, BLF 040 OHIRIC KRS
N5,

O H:Fzr~ag, Tz TAREI6E
AR AN R L < (LHE RIS 2O HIR ©, T4 2RI ¥ v~ — DR BEZ I 72 MHE O
fbE AL TV D
@ WA : v Ry x =, arir o l19R
HRED ETIEZ A RO, LoLann, BREEZ VRS EHORK D BI50-0
Yok & BIROEELZ T 5L, FTEITESZEL e bRIFHOINE L DR 4
THRLE LWL SbhitTn b,
@ HREE Ny Ay VT T IR LT
FX A7 7Y —)IOIERRT VAR THY | BIEMOEREICHE L Ty, HRAAEDX
B CcH H D,
@ ®FEE STy b Y7 TR E4ER
TUE e B ABITEEEAIRR A IR N G 8. T A N— AR EOFEMIZHE
Fh, FEBNELRALREND, FRE ST A OFH 2,

(3) K&
O ZA o)l
A ANZBWTEERKIE 250X 25 Y, FERJIOFREEIKESFHIHN 2,000
B’ CTH 5D, FRCEERWINIFRLEZRND T ¥ 477 ¥ —)IlEFTRO T A AEFE L 725
AaU)THY, REREM, BB, B3, WER L, ¥ A BROANE L EHERBERICH D,
F2 5 25 {11 D 7K O AR [E - F 83 400 B’ T, A RITH 209 TH 5,
Z A OFEERNNOFACRIUTZR 1-13 1" TH8Y Th D,

@ FAZBITDHKROFHE
FNE R ORENT L D &L 1993 FITBIT 5 X A4 2 HOKOEE T 526 Hn* T, WX
W EO— DS 31 (En®, TEH 13 (En’, BEEH S 482 (En’ L /e > T\ 5 Om@% i,
ANE O, BEORBEIZLVELEIMLTERBY, 2006 F(ZITRFEEN 705 HEo’llEd
HETHSHTND,
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#1-13

Z A OEZER)I & FCIRTL (2002 4)

. 4ok TR FRFY | ERTH | FRETH
NO. sl (Fmd) 7l.<§3 {Eﬁﬁmsg *1%575; KR{ERE
(Mil m°) (Mil m°) (Mil m°)
1|y 17,920 8,156 18 8,138 99.78%
2[Aay 57,422 15,800 1,378 14,422 91.28%
] =02 7,895 5119 22 5,097 99.57%
4F— 49,447 8,035 4179 3,856 47.99%
5|€> 69,700 21,767 3,400 18,367 84.38%
6|EU(FrA TSV —LR) 33,898 6,686 6,020 666 9.96%
N7 (Frx TS5 —Lik) 10,791 1,429 120 1,309 91.60%
8|FAL(F¥A TSV —LF) 23,616 1,430 75 1,355 94.76%
NF> (FrA TSV —LiR) 34,330 9,581 5,800 3,781 39.46%
10(FxvA4T5¥v— 20,125 4,925 175 4,750 96.45%
1 sz 5,191 519 162 357 68.79%
12[/35v% 16,292 2,708 281 2,427 89.62%
13[2F> 13,682 2,815 267 2,548 90.52%
14|50 30,837 12,943 10,000 2,943 22.74%
15| F5F T 10,481 4,502 37 4,465 99.18%
16[/3> /Ry 7,978 4,900 94 4,806 98.08%
17|k LT 4,150 1,193 25 1,168 97.90%
18[F5—RR DI 13,830 10,623 273 10,350 97.43%
19|RFxT1) 5,603 1,410 655 755 53.55%
20| 7S5Fa7vFRUAVEDMAII 6,745 1,013 510 503 49.65%
21|de DI 26,353 35614 4 35,610 99.99%
22|18 — 12,225 17,380 3,080 14,300 82.28%
23|95 8,495 7,301 9 7,292 99.88%
24|78 — 3,858 3,024 1,150 1,874 61.97%
25| E &8 (TR a1l 21,172 9918 12 9,906 99.88%
=H 512,036 198,791 37,746 161,045 81.01%
F1-14  FAITBITDHKOHE
(HAL: Mil m?)
— %M T3H TEE Al
1993 & 3,118. 14 1, 311.52 48, 171.92 52, 601. 58
2006 &= 6, 593. 32 2, 154. 40 61, 746. 64 70, 494. 36
=g 111. 45% 64. 27% 28. 18% 34. 02%

18



1.1.6 BERM (F huxe kok)
(1) ¥ Fokxe

O AR

AT, YU EOREEmAEIL 800~1,000 ha FRETH Y . FERMULEIT 4, 200~
7,400 J7 b & lpo T 5, B U EEFUBHIHLEE, Db L OWEE N AEPES LTV D,

# 1-15 B AT HY b U0t
- | 1094 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003
BB E M (Tha) goo| 923 985 980 918 945| 929 850 850 970
EEER (Tt) | 49,828 54,323| 57.699| 59.506| 50,332| 52,813 49,563 60,013| 62,517 74,072

Hi : FAOSTAT AGRICULTURE DATA http://apps.fao.org/page/collections?subset=agriculture

@ i

B R TREEZE, MYED %, BT~ MU EEEYE L, A TR O IGE
BIIER S D, WL OAEFEIZOWTIL, ibFEA 150-260 7 by FUREFEDS 60-120 1
k. HEEDY 160-300 5 k>, BEEE AN 220-280 75 kv

© REEORSE

WHEOEG| TH ho e - L] ICXVEHIN TR, WHEOAERTEICED 2H%
L EFE & RUESALS 70:30 OFIE THRLT M A L > T D,
FBE, WOBE K OBEE & & (2 filikk 25 E BRSO 2
mich, FEIRL A KD | R - RRESALR TS D 7 — A3 Z 0,

£, A OWEOE NS (XE B & 0 b &<
Hlid, k=X MEzROLFLH D,

(2) %k
O EARRIL, APEES
KT AR TITBW TR OEELREY THY | EHEEZELOM 22 5O TS, 9
DHADPEFEROM TE, b EKITK 3FRE, 52 b KIFRE TR I, b B KITHL
L OB C RIS ST D, SR 2R R 23 B S AL 72 Hius I I ED AT
BETHY., “HENMTbRTWD EZ AL —HIZIEH D,
W O—HET, KKZRM L TWEMHO 6 HICRHEHE, 3B mIn, wd:gHo
11 AVIBRICINE SN D, — RO R, B~— AT 1,800-2,000 /7 k>,
THWEIE, 2 HIThEE Y 5 AP . IEITRN— AT 400-600 77~ SRREE,
FELomEY . —HIEE ZHWEE SR ToRAEERIT 2, 200-2,600 7 M URREL R DA, T
DK 60%23E N TIHE SHL, FHDHH 40%0>HFE1-H R OME S % 725 LW i= b ol i
B END, & A Ot FIEX 600-700 J7 b o CREKHLUR) ©, AR oK 0K 3 #1255
SRR RO KEHETH 5,

19
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http://apps.fao.org/page/collections?subset=agriculture

% 1-16 B ANZINT B KD A pESE) A

HH

i 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003

BIEEM (Tha) | go75| 9.113] 9.267] 9.913] 9,519 9,970 9.891| 10,125] 9.988| 11,000

EER (Ft) | 21,111 22,016] 22,332] 23.580| 23,450| 24,172| 25.844| 26.514] 25.611| 27,000

@

Hi : FAOSTAT AGRICULTURE DATA http://apps.fao.org/page/collections?subset=agriculture

it im

A DK, AELEEBERAE D, MBLZEBEENIE L TR, MhE S OBUFRHIE
SNE. BBANE BT TS, BEMNEELEZWIE, MEAREN, b LIIEZILE
PR KPTIZOE 0 S d, wolde - F3 - KK, 100kg DREGESO O FLKTHtBd 2, &M
D/NFEIE, 576 FERIZHTHS N TIRTE I ND, BB, ZAITBWTL, Fhemkks sh
5 IEK] (F—2~=U « T4 R) OBENRED LN TSN, HARD X I - 8alfif
DOFEIE « PIBITATDOIL TR,

© FREEORSE

KOFEEIL, FEARICHER - MigOEHIITONTE LT, KOENRSIIER E ST
1/\50

20


http://apps.fao.org/page/collections?subset=agriculture

1.2 =L —Hff
1.2.1 EHFEAE ORI

99T DORF AT LD, BATERNWB L2 Z &b, 19984125 B At (EGAT :
Electricity Generating Authority of Thailand) CTlx. W OEAR G H LR ED
Ik KENE, THNDFELZZEL T, 19992 FHFE) 520115 HFEEE (19984210 H ~2011429 1)
EFTO, FaFtnr )y ROENRMEE . 67, &RKE N, THRILOTHRICET S
& /1B 3& 511 (Power Development Plan: PDP99-01) Z{EmL L7=, F D, KIKHT AT EEDIE
K. Ratchaburi FERTORE(L, BFT OB O TR HFi-RB8EZE RN Nbo-Z &
D5, 20014 IZ20014EFE ) 5 20 164E £ CTO164ERIC 72 5 K HAFHE PDP2001 2/ L7z, =
nick s e, BE—7BHEBEOMOREZ, 2002-20064F T4 16, 86%, 2007-20114E]%6. 28%,
2012-20164F135. 88% & THI L T\ 5,

PDP20011Z &%, 1990-20164F L DENFHaER M OTIL, RI-1TTRTHEY TH D,
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#1-17

Total EGAT Generation Requirement

Generation Consumption

Fiscal Peak Generation Energy Generation Load Growth
Year Increase Increase Factor Energy Rate

MW GWh R A

MW % GWh % %

1990 7,093.70 861.00 [ 13.81| 43,188.79 6,731.70 | 18.46| 69.5] 37,084.54| 17.68
1991 8,045.00 951.30| 13.41| 49,225.03 6,036.24 | 1398 69.8| 42,308.64| 14.09
1992 8,876.90 831.90 [ 10.34] 56,006.44 6,781.41 | 13.78| 72.0| 48,199.56| 13.92
1993 9,730.00 853.10 9.61] 62,179.73 6,173.29 11.02] 73.0| 54,661.06| 13.41
1994 | 10,708.80 978.80 | 10.06 | 69,651.14 747141 12.02| 742 60,692.36| 11.03
1995 | 12,267.90 1,559.10 | 14.56| 78,880.37 9,229.23 | 13.25] 734 69,354.66| 14.27
1996 | 13,310.90 1,043.00 8.50 | 85,924.13 7,043.76 893 737 75,920.98 9.47
1997 | 14,506.30 1,195.40 8.98 | 92,724.66 6,800.53 7911 73.0| 81,548.62 7.41
1998 | 14,179.90 -326.40 | -2.25( 92,134.44 -590.22 | -0.64( 7421 80,774.05| -0.95
1999 | 13,712.00 -467.90 | -3.30( 90,413.99 | -1,720.45| -1.87| 753 79,841.60| -1.15
2000 | 14,918.30 1,206.30 8.80| 96,780.72 6,366.73 7.04 74.1| 85,443.32 7.02
2001 | 16,184.00 1,265.70 8.48 | 103,496.00 6,715.28 6941 73.0 N.A. N.A.
2002 | 17,388.00 1,204.00 7.441110,945.00 7,449.00 720 72.8 N.A. N.A.
2003 | 18,587.00 1,199.00 6.90 | 118,540.00 7,595.00 6.85] 72.8 N.A. N.A.
2004 | 19,913.00 1,326.00 7.131126,449.00 7,909.00 6.67 725 N.A. N.A.
2005 | 21,222.00 1,309.00 6.57 1 134,794.00 8,345.00 6.60 725 N.A. N.A.
2006 | 22,552.00 1,330.00 6.27 ] 143,748.00 8,954.00 6.64 72.8 N.A. N.A.
2007 | 23,951.00 1,399.00 6.20 | 152,743.00 8,995.00 626 72.8 N.A. N.A.
2008 | 25,450.00 1,499.00 6.26 | 162,438.00 9,695.00 635 729 N.A. N.A.
2009 | 27,232.00 1,782.00 7.001173,532.00 | 11,094.00 6.83 ] 72.7 N.A. N.A.
2010 | 28,912.00 1,680.00 6.171184,213.00 | 10,681.00 6.16 | 72.7 N.A. N.A.
2011 | 30,587.00 1,675.00 5.791194,930.00 | 10,717.00 5821 728 N.A. N.A.
2012 | 32,405.00 1,818.00 5.941206,660.00 | 11,730.00 6.02] 728 N.A. N.A.
2013 | 34,352.00 1,947.00 6.011219,134.00 | 12,474.00 6.04] 728 N.A. N.A.
2014 | 36,366.00 | 2,014.00 5.861232,106.00 | 12,972.00 5921 729 N.A. N.A.
2015 | 38,519.00 | 2,153.00 5.921245,948.00 | 13,842.00 596 729 N.A. N.A.
2016 | 40,699.00 | 2,180.00 5.661260,262.00 | 14,314.00 5821 73.0 N.A. N.A.

11 :1990-20004- D HAE 1 X 5245 E
1£2:2001-20164F 1L A0k
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1. 2.2 BAFRBERE DA
(1) BUMFFARR O
TRNF =TT 5 7 A EOBUFERIL, 20024F10 O THmICL Y, =X —HITHE
HENnT-, FRLENL, BT T OEFE = RV X—BUR R (NEPO : National Energy Policy
Office) BE=HR/LF —BIRO M A RENLE L, BHAHIFBREEA 2 N O 3L ¥ —BRIRI
(DEDP : Department of Energy Development and Promotion) 2344 = % /L ¥ — K VA A HE= 1
NF—ORFFEEHY LCWe, E7o, AIMHEO BB R OB 2 B8 BTV,
T LN EE A WA (PTT : Petroleum Authority of Thailand) OEE & O F&EJRICESS 5
BOR. BRI EGAT OB 21T o> T e, S HITIE, WEA DS B #BERL B AT MEA) & Hi5Hd
BN (PEA) OREE 21T 5 %, =3 X —BMRER N &L T ICBES TN, BT HmIC
Lo THR SN FAX B TFICENLINEZ LICED, ZFXAX—TEO— b2
FFENTWD, 723, MEA & PEA TR AF—EFHREHRONFERTICH DN, mMintte b=
INF—BIIBESINDTETH D,

(2) EGAT D%

EGAT (31969455 A 12, ¥ > b — 7 /1A 4k (Yanhee Electricity Authority) . #8 5%+t
(Lignite Authority). EILE /1A Northeast Electricity Authority) OEE ¥t E2E
BEL TR ENTZ, TRAX—EHOFEED FIC, BEBELHY L, MEA & PEA IZEHOHEHIFED
A ZAT > TN D, F7o EGAT 1%, FIEEOBHIFE ., BRI E IS ORE 2 BHFEEH
FIZIBWTIE, & A ORFIRIL, BAFEELEZBEO b, 12-16FH OFHE 2 MEtd 5.

(3) MEA Oz
MEA 1Z, WHEABEET, B rarz, /o247 VR YAy v I h—rRafiitzy 7
ELTHEFELITOEERETH D, 20008 K2R 1T DAERMARIL, 5, 799. T0MW TH
0. BRHIT2, 146, 6121 TH D,

(4) PEA Oz
PEA 1%, MEA & [RERICNBEAEEEICH V. MBA [ X BEEMRX SO ¥ A 2t 52 MGz 7
ELCREFEATOEERECTHD, OB Y 7ITKLLGESGFrTHY . E1099%
DD, TIRIC RS E g, AR, BURE, H G, B o4k IC X5y Sd, 20004
BERCUE, 979D EEFT L 0 Y —E 2 D#AEETT > TV D, 20004EE OREAR AT, 228, 79214,

1. 2.3 EGAT IZ & 2 FE /I AR
(1) o
H A B TIL, 1998F9FICAR LT THEREREICHT LI v AL =TT ) ITEIX,
EEEELBREEL T FEFE2RLTWS, FBESBICEL T, BEFI & ICEEL
D TH Y, BEIZ Ratchaburi FEHEET 420004510 H IZHRENAR L RELT 25—, EGAT 13
OB IEESANZ{EET S 7-%, IPP(Independent Power Producers) 2 (X SPP(Small Power
Producers) 7> 6 D& JIEAN ZFEMAICHE LED D Z & & LT 5,
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(2) IPP DRI
IPP (2B L T, BGAT 1%19944-12 (2 IPP OEE1EAFLZATVY, 3T N—T gL, 77V
— 7" (BFt5, 943. 5MW) 28K AL L 72, & 51T EGAT TlE20164E % TIZBIIT18, 300MW 43 % IPP 7>
SEIMEAT D FEEN, BICEIL LT v —7DOND2 7 v —7 (2, 134WW) 1%, BRI
L0 M E RO HATEB O 7=, Wk TEA LT L, RENE A IRBED & RINAT 2SI
B 2O RMERFIHEREL &R oTz,

(3) SPP ORI
SPP lZ 2N Clid. 19924E 12 HE T S U7 = R L (R (R 1 12 LS & | BGAT 13300MW £ T
T )% SPP N OWEAT 2 823K, ZHUZ Ko T SPP I KIOMW F TOEJ) % EGAT (2R
HTEDHEIITRoTc, £D%, NAR EGAT DA NILR S4v, 19974R1213664E (2, 828MW)
DT R—=FLNEKBENTZ, LLRND, %@ﬁ%:@:ot,ﬁﬁﬁw%@ SNl/IN
EGAT 1ZBEICEAWE D SPP 1Tkt LT, EHROBIER WV UIEF ¥ B L E2RBDT-, ZOFEFE.
200342 A BITE D IR 532K 5 7+ 88 /) 8132, 419. OMW & 72 > T D,

24



L3 BT ey MDD =X —BEBOR, REEBUR%
1.3.1 =L — B E o
(1) =X —EERARH

A DEFLXF—BERIE, THE., NEE . BEEEOBEGT 5EFE T L F—BURRRHS
(NEPC: National Energy Policy Council) 23#HX L CI VD . BUFETINCBMRIEES O BUR FHER
SR A )L X —BOR EFE 5 (EPPO: Energy Policy and Planning Office) 2347 - CUM 5,
IHIZMA T, =X F—GHOERZH Y+ 50 E PR DMR: Department of Mineral
Resources), TR /N F—HET — ¥ EFHLE21T 9 = 2L X —EH 5 (NEA: National Energy
Administration) 23SEE &Y LT\ 5,

FEMKE L, ENFEOREN T, AMELXOEE AN (PTT) BHEE 2> T
ZH, PIT 132001410 A 2SR S 4L TPTT Public Co., Ltd. ] &720 I&W%mﬁk
HUIZENE TDI00%02565.5% & 72> T\ D, MiE20024E10 H OB FFSfmI vy, HFrax &
NEeZXNF—HIIBEINTND

(2) EGAT DA RET /L F —IZBIT % J7dt

ZANZBNTE, FAFTTRRTRAX—OEEEITE <, FICHAFIZBW T, F#RFETO
FHERT RV =L R0 TNDLRE FAERMRET RV —~OERIFENE, ¥ A BUFIE,

AR TV ZRWIERRHLC O KEMSS, BIKEG O/ AT A Lo 7o il e A TRE = X%
X —DE NI ATV,

Fo, BEIEAORE R LF—L LT, AFEREM S TS MIBEMethyl Tertiary-
Butyl Ether) DfRbVIZ=¥ / —/VEHFMLIZY, aa YA A LvET 4 —BLA A O
ETHZEBRRFI STV D,

EGAT T b BEEHL CWHHAEFET R LX—IIKNEETHY ., A DQUBEKERT
¥R JUIEHIL5, 000MW EHEE STV DN, T E TITBHR S 72K 11E30% I bl 7= 720,
FDT0%LL EOIKIIRT v ML Tk, BICRE EoBEBN G, Ymidbss ks &
D HFRVRILICH D

29 LRI, EGAT T, A AIRE= %L ¥ — ORI M 2 1D 5 BUF O 58t & 5
SPPIZ K D AR R LF—FENL OB WA ZHEL TV D,

THUCE - T, REFEFICLDBEEFESAZRL, BUFOEEMH Z X2 & FkC, [H
PED TR VF —GIROFN I h=1b & ¥ - PEEFRTW 2 EOFHRELZ BIE L T 5,

B2, BESoN T AR EARL = RO T, ZRE T A ERNICBIT 2 FEMELS ., &
RBEEY E L CHEATINEEINTEY . TOANTRARHEE > T2 b H b,
BERRBEBRELEZ 2 BN TN D,
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1. 3.2 BREEOBINLKL OBURE
(1) BREZAHUE
A F~ ZAFRBOEM AT LIEHAICEENRENEBbn s, KR, KEZEORH - FEuE
T T OmEY Th b,
O KK

¥

B R e
KREBEEEHAEITHR 1-18 I RTHY ThH 5,

#1-18 KA E

HE Y 1 BRI | 8 FERCEEIME | 24 BRTEAW | 1o AEEME | T2 HIE i
mg PpPm mg PpPm mg Ppm mg Ppm mg pPpm
/m® /m® /m® /m® /m®
—fR{biRE | 34.2 30 | 10.26 9 I 75 ik =
/ CO IiEdN i E2N
THibEFE | 032 | 0.17 KAHAE S
/ NO, ik
ZEEbREE | 078 | 0.30 0.30 | 0.12 0.10 | 0.04 | HENKEH
/ S0,% A HT
e A/ 0.33 0.10 E\EEEK
TSP wRAY
75—
10 w BLF 0.12 0.05 mERER
ORLTR wERAY
g e
AV v /| 020 | 0.10 KL
03 Ik
#i/ Pb 1.5 J& W S
N

1) =T 1 %E 25T

2) AT

3) 1R CER bmisgdRiE, S L, AEHIXKTIX 1.3 mg/m®, FOMOHMKXTIX 0.78mg/m?

< ¥i#} > - Pollution Control Department , Ministry of Science, Technology and Environment, Laws and
Standards on Pollution Control in Thailand 4th Edition, 1997 # 10 H
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b. HEHIFEYE
KREHEH TR 1-19 I2RTHY TH 5,

# 1-19 REHEH FEHE

HAH HEHR AR
LA A 7 —RUYF
B i1 g e ) 300mg/Nm?
-AREREIE T2 400mg/Nm?®
- DA EL 400mg/Nm?
Mgk, 7L = s BE 300mg/Nm?®
£ Ofth, 400mg/Nm*
TTE/ S TR TOHEHR 20mg/Nm?
UF#E/ As F LT OHHIE 20mg/Nm?
i/ Cu I E T IR 30mg/Nm?
#h/ Pb F LT OFRHE 30mg/Nm?
B/ Cl T AT OFHR 30mg/Nm?
thifbAk s/ HCI F LT OHHE 200mg/Nm?>
K&/ Hg T RTDOHHIR 3mg/Nm?
—Pk{kiRFE/ CO T L TOHHIR 1,000mg/Nm?® % 7-1% 870ppm
B/ H,SO, 2T OPEHIE 100mg/Nm® £ 7~ i3 25ppm
Hii{k 3%/ HyS FTARTOHEHIRE 140mg/Nm?® £ 72i% 100ppm
ZFEEbRiE/ SO, e e 1300mg/Nm? % 7= |% 500ppm
il RRE S 3 DR Y 1,250ppm
E R /NO g 7=
-HREBE TS 940mg/Nm?® £ 7= /3 500ppm
- DAL OIRE 470mg/Nm?® % /-1 250ppm
FrLv TR TOHEHIRE 870mg/Nm? £ 72i% 200ppm
7L — F R T OHEHIR 22mg/Nm?® ¥ 72 1% S5ppm

1) 2T 25T, 1 &E, 20%DIKEE

2) NraZEEO Ay b7 T RICE TS LEIC O A

<HEEF> - T3E R 1993 4£% 2 5 (Notification of the Ministry of Industry No.2, 1993)
< L¥AE57R 1995 4255 9 & (Notification of the Ministry of Industry No.9, 1995)
< L¥AS7R 1997 4255 3 5 (Notification of the Ministry of Industry No.3, 1997)
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© KE
a. BRBJLYE
KEICBIT D EREEHNE L LTk, WL R ORFK, R, REVKIZOWTERES I
TWb, 209 bRIKDRERE IOV T, HEKIREFAKBMICHDOETS 77
2y (R 1-20) L, BB 27 HE OREEI /RIS TS (& 1-21)

F1-20  RFZKOFKHEBIHISHH

5l SR U A

1k FERNC UGS THE R RRAR T, WA EhTnhsbo
(1) B, KABEZLEL LRV, 2L, @ OREQEZTITSNE
(2) FAMREYENBRIZEML TV 5 & REBRRRE

2 JEHI P THRE R R TAR T, WICFIAShTHD O
(1) fHEFOFTCIREOAMHE TR LTl
(2) BEOTERCBNTIC A B A ok

(3) ik
4) vy )xz—3ias
3k PRI PRI O R R TAKIR T, IR S Thwa Lo
(1) {HEM, FEHOBNZERE OKOE TR 4254
(2) B
4 1 W BARFCHERFTKIE T, RICHAShTWEHD
(1) JHEM., FERORTNRE ORI TRE2ET
(2) T3
(3) FDfth>iEE)
5 itk 1~4 fRIZEK Ay SN VKR T, RIZHFAESA TS HO

(1) Kbz

<EE> - HFEREE B 258 1994 £ 8 & (Notification of the National Environmental Board, No. 8, A.D.1994)
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#F1-21 Rk QI IE) OBREIHEAE

(mg/liter)
HA MERHE Py - Wi i}

1 2 3 5
Color,odor and Taste/fFE, B, BE - n n n n -
Temperature/ BE (T) - n n’ ‘ 3 .
pH - n 5-9 5-9 5-9 -
DO:Dissolved Oxgen /A TEREHR 20%f# n 6 4 5 .
BOD/ £ {k2aidE Bk (5 1 20C) 80%{E n 1.5 2.0 4.0 a
Coli. Bacteria/ KiFE (MPN/100ml)
-Total Coliform /4= KI5 E 80%E n 5,000 | 20,000 - -
-Fecal Coliform/ #{#% KI5 80%fE n 1,000 | 4,000 - -
NO,-N/ fifjfiett s 5 AT n 5.0 5.0 5.0 -
NH,-N/ 7 & =T HEEHR " n 0.5 0.5 0.5 .
Phenol/ 7 = / —/L U n 0.005 0.005 0.005 -
Cu /4 y n 0.1 0.1 0.1 -
Ni/ = 7 n n 0.1 0.1 0.1 =
Mn/~ > H " n 1.0 1.0 1.0 -
Zn/ T " n 1.0 1.0 1.0 ;
Cd/# FIwAh " n 0.005* | 0.005* | 0.005*% -

0.05** | 0.05** | 0.05**
Cr®/6 fiiz o L U n 0.05 0.05 0.05 -
Pb/#h " n 0.05 0.05 0.05 -
T-Hg/ 27Kk U n 0.002 0.002 0.002 =
As/UFE " n 0.01 0.01 0.01 -
T-CN/ 22T ! n 0.005 0.005 0.005 -
Radioactivity / FH g (Bq..liter)
-#% (alpha) n n 0.1 0.1 0.1 -
-# & (beta) n 1.0 1.0 1.0 -
Pescticides /% B Al U n 0.05 0.05 0.05 -
DDT/ ¥ Jrny” z7z=ph) ynxhy (u g/liter) 1 n 1.0 1.0 1.0 -
a-BHC/~ Vi ya3m3{} (ug/liter) " n 0.02 0.02 0.02 -
Dieldrin/ 7 /- KU i (ug/liter) I n 0.1 0.1 0.1 -
Aldrin/ 7 v F U > (u g/liter) " n 0.1 0.1 0.1 .
Heptachlor & Heptachlor epoxid/~7 " n 0.2 0.2 0.2 .
Byn—V g O 77 8pebad A $4
(p g/liter)

Endrin/—/v RV (ug/liter) " n none none none -

1) n=HAKAkiE

2) n'=HALIE, R LIRESLIE 3CERBA VW k

3) * =KD CaCO, & LT 100mg/liter & 0 %< 2l 4

4) ** =KOMFE N CaCO; & LT 100mg/liter £ ¥ £ GH

<EE > HEREEREB SR 1994 4% 8 5 (Notification of the National Environmental Board, No. 8, A.D.1994)
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b. HEKETE

TIHEKITAR D PR RS TR 1-22 IR T8Y TH 5.

# 1-22(1)

TRk HE

THH

AIEE

pH

5.5-9.0

TDS:Total Dissolved Solids/ 4
Ve g [ T4

Bewh A HEE 3,000 mg/liter, E-I3AEMRFERSOHBICLD
A, IOEAIE 5,000 mg/liter 22 Tidiz &0

1) FAKDEES %8 B> TDS A% 2,000mg/liter LA EDFE
2) WY 2,E

SS: Suspended Solids/ FilFE

R EMEE 50mg/liter | FITABERBIERSOHBIIC L 528,
150mg/liter ## 2 Tidie e

Temperature/iEE (°C) 40°CLLF
Color & odor/ % BX T

Sulfide/#fi{4 (H,S #&)

1.0mg/liter LA'T

Cyanide/ <7 k¥ (HCN &)

0.2mg/liter LLF

Heavy metals /#4815
Zn/#
Cro /6 i o A
Cré*/3 i/ v A
As/UE
Cu/ 4
Hg/ 7kl
Cd/H KA
Ba/ 3 7 4
Se/E L
Pb/#h
Ni/ = 4
Mn/< 4

5.0mg/liter LL'F
0.25mg/liter LL T
0.75mg/liter L1 F
0.25mg/liter L1 F
2.0mg/liter LA
0.005mg/liter LL'F
0.03mg/liter LL T
1.0mg/liter LI
0.02mg/liter 2L F
0.2mg/liter LA
1.0mg/liter LAF
5.0mg/liter LA F

Fat, Oil and Grease/ jHifl§ 4y

mEFEEE 5 mg/liter, E/2XAFRBIZES ORI L 5708,
15mg/liter ##8 A4 T LA

Formaldehyde /75 /L A7 L7 &
K

1.0mg/liter UL T

Phenol/ 7 = / — /-

1.0mg/liter LA F

Free Cl/ g 37

1.0 LT

Pesticides/ # 5l

B
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% 1-22(2) T3 HEK I

BOD/ A=# b5k A B R i e EEE 20mg/liter, F7ITAEREIZEE S 0N BN L 508,
DOZEFDIEET 60 mg/liter 2z TR bR
1) BETH

2) W T

3) Bk ARERTS

4) B L

5) fikin T8

6) BETH

7) ST T

8) (k¥4

9) BT H;

10) w8

TKN/®7 L5 —IEFR e B HE(E 100 mg/liter, 72 EAFMKEER S ORIBHIZ L 585,
ROEFREL 200mg/liter 22 TiLie 620y (FROATR 2 F1%
HrE )

1) Bdh T

2) B AESTS

COD/{bZFRylERE R & e EE 120mg/liter, F72IAEHBIEE S OHIIZ L 558,
woOEREE 400mg/liter ##8 2 Tidle B 720

1) &L

2) EhipffiLTE

3) T

4) BT

5) 2~ KT

<EE> - BRI EREEE &8 1996 £ 3 7 (Notification of the Ministry of Science, Technology and
Environment, No.3,1996)
< BRI ER LA 1575 1996 455 4 5 (Notification of th h e Ministry of Science, Technology and
Environment, No.4, 1996)
< NERREBS5R 1996 445 3 5 (Notification of the Pollution Control Committee, No.3,1996)

c. TOft (B&¥F
BEE IOV T RERBIIC B U DBRETIENE L (ERREAENTEDO LTV LHTIZIT T, JE
FEEEZ R E LIBHIEET STy,
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(2) BREBEDHL
Z A ORRFFHBITAED, KERLKKEDOREZ KD R ELEE LUKV TR 0 | RIS
BNIBRERBEORIKN & 72> T D, ZABUFIZ, by N7 T H VBEKLBIG~DOEED X 9
2, BREMEMR OO D% L TN DA, HIOBREE & ATG~OER B2 &7 2 Ml
ROFFHZ L0 | BERITESE L Thiv, a oy 877 0 0 BEKALERG oM D AL BRIG R % 8D
SHBBD LD 7a, HlEUER & BUFORNZIE, 1G9 5 OHEH OHITERC, wEE) 7228 BLFB D
WL E DRI IFIED R SR WRY | FIZEZ Y 5 5,
O KEHG
ZANZBT Db HEREEMEDO—>Th 2 KEHEIL, 2000 4 - 2001 H1T1% 1999 4F
IvhEL, AEFHRNE=F—LTWV5 51 ORFESON, KENRMHEW] & Sh-oli
18 fHAT T, MFFICHEW & ENT-DF 1 FEiTE 7e>Cnd, EFRG YRR T O KB
A a=T 4 —BHIASOHKTH O, HB T 2 i3 20 TIRRIGE 2 SR AL ME &
EREZEW LV TREBENTWD, KEIZET DS 9 —>ORBEIE, FriZdbE TR IR
LD T, HEOFKITER L, AEEY L2 DARBRICEREL 52 TWD,
NEEHRICE D, ZARLETKEERD AT OWJIE 4 SOWMHEOKEEE=%—LT-
HEL (2000 4F) 135 1-23 (R T18Y TH D,

# 1-23 2 A OKE OBE

ARERG | #H ATRE 7 & IR Hi %L %
BRZBEW | KB L, 3@ OB CEJT AT HE 0 0. 0%
B WEKROL 7Y z—ra 26 L, BB L0 #OF FlEE 9 18. 0%
LS| BT L, VKR X0 ROH FTEE 23 45. 0%
GNP T2 L, FrilZe KBz X v 8k el 6E 18 35. 0%
FRIZHEW | BT 5 1 2. 0%

© KR&iHY

REGGATE L T, AN a7 EMEIERERREICHEVEL (LTI b0, Z 44
TR S ERANZRIEICIZ 2 > TV, N o s FEEICRIT D EEARKIGRFIEZ. B
EhEL, AR, EERBGEN D OHHICE 2 b0 TH D, ROEERGYIIBETH Y | K
(ZTRIERL IR E (PM-10) STETH 5, AFEHRIIT 72 2000 FOREIC LD & Kb
BY SN TN R I F 2l ) OREERAT T, BRBTRYEIE 120 ug/miiokf LC, 24 R
DOFYEH 244 pg/mICEE L Tz, HIFICBW IR, EEESH A0 & T2 CREE & 7
STWDH, Nraz g & X TRAZR L ULZIEE S TR,

2000 FRICAEEERNEN Lz, /N2 a 7 iiNICBT 2 KEIVGYREOBIIEER 1-24 12
AT ThH D,
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®

a.

#*1-24 Ny OREIEGE ORI

T fiE -2 fE PR ILHUE
KAMEEE (24hr) mg/m? 0.02-0. 33 0. 09 0.33
JEEE (PM-10) (24hr) ug/m® 18.6-69. 4 56. 1 120. 0
CO(lhr) ppm 0. 00-12. 50 0.96 30. 0
CO(8hr) ppm 0. 00-8. 20 0.97 9.0
Pb (monthly) ug/m? 0.02-0. 33 0.09 1.5
0,(1lhr) ppb 0. 00-203. 0 15.6 100. 0
S0, (1hr) ppb 0.00-161. 0 6.7 300. 0
S0, (24hr) ppb 0.00-76. 4 6.7 120. 0
NO, (1hr) ppb 0.00-136. 0 22.8 170.0

FEEATERR T 5 SO EE) O )y [A)

A O RIER) OB

BUE, Z A CIIREMEICT 2 ERES A& E 0 2 AT TRY ., el £ 5
i, JEOBREE R O MU R~ DBLE « JMRIIAAIRD D LR >TWND, X ABDH
A - < L —y 7 EEOLEBF M (JDA: Joint Development Area) D A/ NA T 5 A
HERREHEIClL, A T T A VRN TEMTH D X A BEEROJE RS O EE) & B L.
2L BT 0 GBI EAE L7z, 2003 4 2 AIZ72 0 . & A BUMIERRAE L4317 L7225,
FEROTER & EHEREPERLETH, BE BRI TN D,

2001 £R(\TiZ. N 7 EBBHEET 23 a3 7 HiNA Xy MHLIX O T X BERIF R G
BT L, NGO & —FBERNOEB) 4 B, FIFHE D FS &I /1 LTz EER /)
$R1T (JBIC) 1Tt L CHUEATEN 24T D FEDOFFHRAEL T D,

H%iﬁ“(“&i 5’4’%@% WNET DT TF 2T v 77X RO IPP ’J:“*Z)E}%Kﬁ%é'%
FTRERR FTIE S, Hidsl(d: R D88\ BORHE BN 2> O sk T 8 M ZE B & £ 5 KilE 72 M2 B
AENTVD

b. IPP FEEEATEERR G D HLR

H A TliE, 1992 FI YD T F U BHEN IPP OB T 0 7T LOE N ZRE
L. 1996 FIZIL EGAT 28 IPP 7' 75 LD T HEZ NSO OB SIEAZFER L, 1997 2% T
(CRFHEE L OB AR EAR LTV, 1997 48 7 H OB EMEHEIC X Y A—Y 73

B LT, FAEEOREZPYOREL EroT,

TO%, BAIEZTI T FEEON, RERTAR—ZAD 4 ZIEIZHOWTIE, 2002 4 4
ﬂifﬁ%%ﬁ%T&E%Tm®ﬁ%#%#éﬂkoEEN~X®3$#K%LTd
BLCP Power #t>~ 7% 7 v FEBEBFFEICOWTIE, TE@BY ERICET L, 2006 FH
5 EGAT ~DFEEIT 9 M5, 25 Union Power D b > 7 )L — REEERTZHHE (1, 400MW) & |
Gulf Power #EDR— / — 7 EBEATFHE (734MW) 1 X, JEOERO RSO EENC X 0 BRE
OB HOE T 205 | RIGZ2RFHE O RE LITBVIAEILTWD
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by 7= R, K=/ =270 2 FEIHEMIZT, 641998 FOF LA TEL TR,
s DO RRHEE 2N L <. APESFOXFES Y LT, FHEDS 6 42072 o TIELE
L7z, TOMFEESE EERORNIITIEZNME L, NGO OIRENT L » T8 ER N EKE 4
T %DM U= Pl T8N £ TRIE L, 2002 4 10 A% EGAT NEREH DO EE
Z 3 M DR EE Lic, LU, MIEENAER SR, 2006 FLIE

ﬁﬁﬁf%#ﬁ%mmﬁ i?ﬁ??ékiﬁﬁéi%»%-%%@ﬁ%\itﬁﬁ
@#MT+¥%%¢Lt CFERITH L TERRMERENRBET LI VI FHE L
D\%%EEZH_AD\ﬁWiﬁ%@%_OwT@ XTEMALTE L, EIREE AR
NR=AMNHRRITANR—ZZER T HZ LT, GrEEZHET L 2 k%&mtto_mﬁ%\
Union Power tED b 7 b— RIEEITIX., 7T ¥ 7 VURKBIWIZER P EHEZEETFT 5 2
& L7220 | Gulf Power fhOAR— /) — 7 FEHTIL \A/27%ﬁ®#?TUEK%%¢5
LTI L, MRMEE S 2008-2009 S DFEEMIAE TEL TV 5D,
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(3) BRBEFERFAL (EIA)
Br B2 50 B AV ) B2 1. 1992 4R 1T E & 7o [ BR Bk A HEME 15 (Enhancement and
Conservation of National Environment Quality Act) ZIESWTHEIN TS
EZRRERSHEEEII S A ME—DBREETH Y | REFETMOFMARE ST N TND
T T, FREFAENPREIZE SV TRESINTND,

@® ﬂ%%%&@%ﬁ
R ASH O REEE LTE, R IR T 29FEEOFERDLIT LN TS, *R
%%1%5%%%%%¢6%Qi\$%ﬁﬂﬁ SRR E A 2 MER L. BRECEUR -
BREEGHE R R O ETE BT ISR T 2, BRECERHlR S H O FROWMALILIX 1-1 12
/%?L D Ths,
Ejfﬂléqjﬁﬁﬁ&
-%%ﬁ@@%%
- FETERBOBUIR OB FEERE T — ¥
-%%%%:iéﬁ B B D ST
Brse BB 1k E 7213/ IMET D T2 0 OFE RS E O N K OB 72 2 )
Gki KEDOBRET=#V 7B %
LT OEN D D,
2. FEBEANTOWVTIL 1MW LA LD ARG HFE L o T D,

F 1-25(1) BRI R BRI O R R F2E

Tulxy b HEORE R

A0 Bk BT f 100,000,000 m® LA L, H5HWIFRER 15 km?
Pk

DN P AHOEFE 12,800ha BA R (80,000 F 1)
A AE RIS TE S S LD LT OHIR A @it | BEFFOE B O A S et s O M liE R Il S D
D, EHERFE I AERS: REELFZE, Eixsnll bt AT ey b
1) BAEBDMREETHETERSNL TV HAE
ity AT Ml & BRER X

2) ENARETER STV S EL AR
3) NERBIZ L -T2 E LTHEEINTK
i

4) ENEAIEERICIEESh Cha v n
— 7/ GT O U AR oA

5) iR CHEREAY 50m LIPS I 72 B Hitkl
FH# 1ERE 500t LA EDORIAEFFET S0
ERZER BEE

[RKEE LS A7 L L EEEGE I L) | SiEERHT

W2t &S RERE T AT A RO OME LAE
;WO L— A F A B R

B OO MR Hi IR % i7"
PIREAS 1% (2) ORHIENTH D 2 & 25085 | AR H
Lz it a4 _To7e ey
L
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#1-25(2)

BR BT ATA * R

Ak TS AFERES 100t/ B Ll L (o RERA A D58 ) & Bk
== EED

i N2 e

FRH 2 DR £ 77 13 8E B AR

BREET R U D L KERET B U A AR
#.ORF, WEIEEET Y UL, BAFROR
EREE LTHEIEFT Y v AERAWS Y —F
T

AFERES) 100 Fr/t Ll E

7S] APERES) 100t/ AL E (Zo&FERNIIMEYWEL 1 A 24
R R L o35 O R PERE D))

AL FLE HIE AT

Z Ok L §REH T 5 AFERES 50t/ A LLE

ST T EpERE ) 50t/ A LLE

A TS B AR

(IR T35 HEE T

THEIC L 2 REY LTS AT

T8

1) WhHERCE, BRE, Rl Sh/-wsEo4E | BEE DT

2) FRURE, T¥Abe—RA, 7Y b—2A | AFEREH 20t/ ALLE

F i OFEOERE

Z A E T ERAMECHEO TERM, ROYR | #Eibod

Ll

FEEIT FERE 10 MW LLE

i B

1) HEERMBRSROEIE, i X AR B2 T

2) FMEHADAL T T4 iR HIE AR

PLEEEIRIEIC K DERE B A Mo

BT, U — bk 80 FhEL I

wEE I L A (R A 80 fELL

NI gy, W, MR, AR
T VIR SR 7 ARl 0 BR BT B oD )

&S 23m Bk, E e A ST £ E 2 OREORE
A 10,000m? LL Eo b o

EEE A EO L5 E

500 7 FAKRw bl BEIEHE) 100 7411
(16ha) #HAH5HL®

Tl
1) I, v, . R MR L7 i
2) 1) LIStk

1) BERy F30LE
2) BEMSy Fe0 Lt

<¥i$}> + Technical Section of Environmental Impact Evaluation Division, Office of Environmental Policy and
Planning, MOSTE, Environmental Impact Assessment in Thailand, 1996 £ 1 H
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E %% /Project Proponent

BEFBFMES OEPP LHEETICIRE
Submit EIA to OEPP and permitting agency

|

OEPP [T L HRHEEBEDOF VY
OEPP examines EIA and related documents

iTE - RENH S5 (15 BF/ 15 days)

Not correct or Incomplete

FTEE%G L - T2 %45E /Correct or Complete
\'4

OEPP [Z & 2 REEFEFMAIODHRET £ A >
OEPP reviews EIA and makes preliminary comment

| BEEICLIREFETEERE
15 B/ 15 days Project proponent revises EIA
\|/ N\
EMERRICL P RBELEFMATOBKRET (45 BUN)
Expert Review Committee review EIA within 45 days | $E% /Reject

52 / Approval

EEETICLSEEHFAORE
Permitting agency withholds the
granting of license

OEPPAER LI=FHE21TT
EEERNEEEHT
Permitting agency grants license
including OEPP's conditions

<&H> - Technical Section of Environmental Impact Evaluation Division, Office of Environmental
Policy and Planning, MOSTE, Environmental Impact Assessment in Thailand, 1996 % 1 B

X 1-1 BREE TN O B O
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1.4 CDM Tk % J58F, #Ehim

Z A BUFIE, the - BRE ORRAIBAFE 2 51T TR SMEDO -0, BRERE L ORARE R
DA IFIHMEEZ D TN D, FHIREZRIFHSHFEFITBOF TH . AR O —D & ArEAHT
TW5,

H A1 X19954E3 A ICKUEEBFHAA Z HEHE L, & HIZ20024E8 A NIl E E 4 Lt L T %
FARREZHICB W T, #AMEMEETETHH720, IRBIET AHIERE 25 STV A,
BB R U CEREEIRTE X ORI L A EHIRIC S5 5 KO Rt shTngd, £z,
ZOBEFREHEHICLDEFEATRO CM (TR0 2EB 22T DB & LT, BHriiiREs
(YR, BRAREWRBREEA) 284 Lz, RANEIFERELE Tld, OM AR FHROEHz1T-> Tk
v . BEIZ Project Design Document (PDD) #2H O $3& x T 5,

&4&W&L1i CDM HZEITK L CHEAMIZA—T VR AZ AR ->TE Y, # 4 OEREIC

W, A BRFEOFEMBRICES T 2 ENEH SN AR ThIUE, FEEEKRTDHELT

—H T, ZADPEVERICREAEEAV T2 L2 E L, T E TIXENO CM ifidh
%@%ﬁ%#%wé«%?%é&wﬁa%%%é FRCEZR & L TOBSEIER MR, /AR - AR
Sy BT COM S 3 HEME I XTI 2 BB N R b D,

) LRI WT, # A TOMEBFEZHEEL T <IZiE, =x X=X izt - T

BERNEN. OE W TOBMMNAEZE L Bbnd,
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FB2E ulxzl bOMNE

2.1 7= M
Kﬁmyx&hmaﬁi TR TR EEREOREE CIHERE & LTS CW A b
DFEHEE Sy (trash) B ASNA A~ ZARELE L, ZHICT A AANRT () bINZTHNA A~ A%
BrT5HZ LIk o THERRRB(LAIRICET D2 L TH D,
WY A B & LTI 2002-2003 4 (LHERTIE 2002 4F 12 A ~2003 4F 4 H) 1Z381F 5 Cane (WhhiE
RN EENTNDY b EOZEESY) OFEFEN 104 7 b Th D X A O Rajburi S T84 %
E LTz, BRELE LT, ZOTENREHILTWDLY My ERENOHTCICNET S trash x5
ET %, $7H/17FT¢ TN Z Ok A RBERIC T U CRET D8, FERBERIT T 4 A
A7 AN L TAA A~ AR E LML, D% BGAT ([ZRET HFHEZTTW\5, 72720
trash #53 IXBAE, MICH)E5A Af%ﬂ#_&4ffw5_&w%£g%%ﬂ_¢5_&iﬁ%&
WV, WPREDOIEIC B % 5 2 72 WHEIH TS A~ ZAREHCFIH T 2 %Y e @Ea it L, B¥Em T
TR F—H T HFEHNTRIBATRER VAT A EEET 5,
FTo. BEFEE (BHEZHhH LRI D 5RIEIR) (ZIXE RSB T\ D Ted, gkl s
LCT N a— LS5 2 LN TE D, BETUERRRID a2 b0 TIHICEMET5 =
—Vrxl—var (BEIHR) bRET 5,

2.2 7z FEREEOYE

7u Y FEBEFET2 2-112R87T X 512, Ratchaburi i dBan PonglZ & %Rajburi Sugar
Co., Ltd. TH D, [FFEDOY b7 & & DA PEEI1F2002-20034F 324 Tl 1, 043, 477t /45, VEAHT Hfd
13108, 250Rai (1Rai=1, 600m*) Td >7=, 2001-20024ED ¥ A &=+ DH b 7 & ©ApER X5, 94975
t/ETHY ., ZOFEDRFIEOEERIIS6 Tt/ FETHT-DTHAENICED HENEIXL. 4% TH D,

SHERRSEIT19854E12 ] . BARL32ME Baht, 200442 A BIfE, TEEERIF2304 Th 5,

BN IXIRATER IR K 512, 1999 4R (1998 4F 12 H ~1999 4F 11 A) F TITRBEHELHR
o723, 2000 FEREIC BRI, 2002 AEFEE T 3 MR U CNEFRIC B AR A e ), AR 2%
238 H JJ Baht Zfg#4 LIF T\ %,

20024 TR D & M PEIBI T 7 Baht (2% LC923 7 /i Baht M7E L&k L TR0, MEEEE
ThorEEStE LTI, 2ROBWEEE-NZ LT\ 5,

RUPE R ICBIE L2 [ O MAIILL T OEY Th D (B EER2)

CBERICE DT b Uk b, IO REGECRE AT 572Dl N—R_RHE | T

Vyh—, N7 %, BHEREOHWMREHEL TWD,

- Norng Punchan Project &FHIN D8 LWVEES 27 A& BiG Lo, 2T T BAFEERITIC
£ 59,6005 Baht D& &% 17 TiT-o72H DT, ®RI630=—H—LL b, 14TEFIT KA TH
Do

» Financially Secured Cane Farmers Project O FT. WML L bz, HN—_Z ~NEH
Bt b, BB bic X 28 k. R EBREDO O OILFEIEED b AHIEE~OBI 7% 2@ L T
BRAOHEET 077 2ERE LT,

- 19994E3 H (12 1S09002% ., F7-. 20014FE4 121 1S014001 2 Hufd L, S EL, BRETEPLICIESD
LTW5a,

- 19944726 EGAT (T LTV 5,
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2.3 7uvx=/ hORRE

2.3.1 7my =7 NOIKAREHE - i
AK7w vz ME, FEICHEESICIE trash 2 FFEHEINIET A AN 7 ZRELE LT A
F~AFBE 2L, MM 7ry=2 bET DB THD, trash DIEIX, N—_XAZIZXD
Cane DFEIRULHERFIZ/N—_ A ZHIICHY (1772227 F1T trash ZHViATeZ & T, AJ)
WCEDEDOFRZEE, aA MU EMD, trash OBEIZOWTIHFEMZBEL TRETE
HEEMRT D EIIREETH LD, RV OHIRICOWTIET A AR ZEAL CREL
AT %o
7272 L. trash f0I3BAE, MICHZAATIERHZ L TWA Z EnbEEEREHCTHZ &
ITTEARY, ¥ TR MO KT 2703720 trash IWEEIES ZMET L, 231 4~ ZREHC
FIHT& 2% 7 trash BAMGTT 5, AA 7 —ITFk o 0BBEIRITY o e iciEc L, B
BhET 25,
Fo. BEWEEZEEE LTT va— L a2igEEd 5 T4 E L, BETHEMLAKO—H
EZOTHIZBAMET 23—V x b —va Vb RET 5, L, TAa— L THIZONT
IAT B 27 hOARa—TH T 5,

2.3.2 7av= A FOIRIL
BHORBEBETIILU TOL > 727 v/ M EEEL TV,
R ORA T —, F—bE . REBRLSESEORK[THETE DRMICSGEL, 2
RUWFIC L DR CTREBEBRELZSC L R LA RET D,
C REIDONTTART A ANRT ZHREHZ L C, BFE TS A~ AREET D,
s WREB DT AMPBREL TND Th A I AX Wil T 551k, &ifE e 5,
C RPERRE RTA TN —=URT7 L a— LORETHICHEL, a—Y 23— a3
2179,
LorL, BT NS0 7 U U 7 ORER, LLFO Z &2V LTz,
B DX —B L BEEO-HITEMELTEBY, BRAICKET HALENELZZD
2003 4F 9 H OFF ST CTITHTZIT 10MV O &2 ik Lo o b D, Hoidaxln 2 5 A
T HEHENLARV, 7R3, Frax D 10MW &2 gk 3 2 HEHT DWW T 2003 42 5 H 2 AIZ 20
RE LT,
c BUEIZRRE & 72> TV D AT ZTFRIZEANT D2 ENBMENEID Z L2 b7Esh
Do
- —J7. trash [IZOWTIEREHELBEHZI L TV D ENERVWDO T, BEIZAFTTE S, B
XA CEFRD trash ZHI VL LT Cane 7217 % b7 v ZITHEAIAALTWS, /~N—X
ZIZXDINHET Y Cane 7217 Z L L, trash [THHIZHGE L T\ 5,
- BUBE T CRVBE A LS U2 FR 0 OBREEIZIAE, EHL TV DA, ZhaEEHC TV
A=V EREET D Z EIIREHIET 2, 2=V =X LTORRITEZ TS LW,
* Rajburi $PF T3 CliE Cane DINFEIEHEIZRB T B8R D DT, N—_2HZ L)
ﬁﬂ%%%@%ﬂ%ﬁ@f%@ AT 10 5 R RO LTz,
A DETVRAFAE — FPRHL 72 TUIRFREBNIZZ2 > TLE S, T LTI
LCH#EDTIELY,

41



P ORI ZBE 2T Rajburi fhEtago b, L L LTLUTFO X 9 2edkiiakatic A ®
L7,

cART Y7 ORI RERR R TR I BE U7 I BERR S IXUI D BEL T, el

LOMW B DR A T — X —v | FBEEE T D,

e NN R2AK TINFE L TWAMITIL, IHERFICHEM T Cane 205 trash ZYIVEEL T Cane

T E Ty 7ICkEAAR, trash [THICREFRIZL TV D, ZD trash ZUUET H

TFH N _RALEERNATINT 5 2 L2 XV, trash @ T0%%UUET 5,

- BT Z O trash ZBREHTIETE L, SMW FREE % EGAT (258 5,

- FERPEIT T A AN T BEA L, A A~ ARBEEMKEET D,

B LI E N O TV a— LV EBRIET D LA L TR T 5 2 L 2 EE

LT, 22 Tt/h BEOERZED AL TROGHFAZX %,

—FH. FAEICB T L55%OEIECIYIZET 2 HFEHIOWTIE EGAT 26TV 7%
TV, LT OF#RZH/ TN D,
« X4 Tt RPS(Renewable Portfolio Standard)f|EEDEAZHFL TEY . 5%, KX
X — RO %% AR RLX =T BIEZRFFL T\ 5, HAEMRERZ /X
—IAA A~ A BT KRR TLERDIZA 9,
- BIfE, Rajburi 8 TH51213 22kV OREMRN LN TEY . ZOFFFRIL MW £TTh
D

Fo, RAREREREENDIIUTO XS RIGHREMEL, KFaP =2 M3 DM & LTDHE

BATREVER + 08 D Z L 2R L T D,

cHAABUFE LTI O 2% AN DRl 2% 2 >2>% %, DNA(Designated National
Authority) & LT National CDM board Z#g%3. L 7=,

M 7rYxs e LTOEEREIL, AT XL —LET LT =G0,
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2.3.3 BRELE LTHEMT DA A~ A (ST A| trash %) ORFE
(1) ¥ bryFEORHE: - [WEIZONT
O ¥ b UF ORI
a. fFH
X A O Rajburi 8HE TIHEIZEBIT 5V b X UG ROFERTEI LTS (X
2.3.3-1) . 3 FEFAHOKHEFE IHER I LR B HEES 285 518 Th 5, (5
B 2.3.3-1~2 &)

WEE
58 68 78 8A 9B 10A 11A 128 1A 28 38 48 5A 125
< 2> < >
i i BAH
g >
i £
8w ——
e < i >
B grorCosEME B
2% 8 3%H
1A 28 |38 48 5H 6R 78 8H 9H 108 11H 128 18 11H 12H 1A
B g , 2 i
e e HhYEEQEHH Ll =

% 2. 3.3-1 HANZEBT DY U eEEOER
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INHERT O b 7% B, BT 2m
Mo 3mfEETH S,
BUHTIE CT&L (EFBOFRIERESY)

(Cane Top and Leaves) & trash

(EEDZEE ) DUNFERFIZE) D
wahd,

B8 2003.10. 12

HH 2.3.3-1
INHE1 » HRTOY hoFE

Smr < IZRR LT 5

trash D45 V’Eifﬁ% X oy
VWL TODEZDEMPLIY
D, UHE 1 » ARNZLK BT, ¢
SCAMBTR, trash OFHHIEIS
Mot BN LT WA O b s
2

BE : 2004. 2.4

'HE 2.3.3-2
INFERF D R 7 % B

BATIE2 A TOY U7X EORMN TSNS S, Rajburi ICBWTIXE Y A— %
DR DRI TH DA, E > A— 2 ORI T 247 5 #lsk & — I FE L T
Do R 2.3.3I-VITHEAMT T ORI Y b U X EDOFRIFER WREFICH X DEEL R, £
VA= UETHRITHERH T 23 5 ORI A L < . TE@_ﬁhé%/x v DR
FoRLVWREDHN, EU A=V X IT T 255812 BT ENELS . £72
FEAH T DR B REERRE TRE S LBT 5,

#2.3.3-1 HEFHT ORI DIE DS canell -2 2 #8

F L A—VIEORAT B A — ORI

prEea o (i) o -
MER  REGHSLEVRESR gﬁgﬁggéﬁg@ﬁ
I REEBIAL REAT 2D 4-5 9 A% AT 22 58-9% A #
X DR 2| D ' — 2

EATT D> 55-64 H #
EAT T 5 58-9 4 H #
S HE R 4] 10 » A 12—12.5 » A
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b.

i i

Z A T 20 O SFEAFE STV D 2T 2 SRR ET D &
Shivaled (Wb 2 EMERE) | [TBUIEFICH L OREN RO i E H— T
L IRETHEIET AL 2R LTS, LovL, Rajburi OEFTIX 6 4£ 7 LICLFE
EEZITIFKORBEIZIZIEMAOND EE X TS,

BMioe 7TV o r7nb, Y EUREE 3FE, A FORMI TR T 256, A R
IIRE S Z L3, MEOEFIIEM I LIiTo TV 5,

Surapong (1989) /L MFEDIEVM L D% 7 F EDIEIZ OV THHR TN D (BAHEEL3),
F140, @83, Supan 1, Chainat 1, F172 ® 5 DDOMFETY 7R v O4AF & WHEOBEGR A
Donsalab, Phanomthuan, Kanjanaburi Ti-X7=& Z A, FIT2083 b - & b EmWINE (12.26
ton/Rai) Z ;R L. %V T Chainat 1 (12.13 ton/Rai) > Supan 1 (11.35 ton/Rai) > F140
(10. 11 ton/Rai) > Q83 (8.22 ton/Rai) DNEIZINENE W &R bho7- (FNHIOHFHT
DBA) o 1Rai H7-0 OEH, BEHT-0 O, XH1-v ik, ZOKE, 1Rai
HIZYOYF b, WHEOIE S MER THERENRLLN TN D,

b E O EO SR L ARWIEORICIE 15 RV ERBR I TR, 202 LEN
A G~ ABOHEIMIB W CTEREOEBIRNPEE THDL Z L 2R/ LTWVND,

S AR RS B % % B2 DO\ C Prasert (1993) M3BRETEIN A 5 6T, 1975-1990 4F0D
T—ADDLRIT LTS (RMTER 4) o SFEORZEITEHMAT T, F-ERE L, H
ERRH LONEICKRE < > TRV | BEOEBIIVDIEFE TRELR>oTWVD, A TE
ELTEWINEZ LT MME LTHOND FI40 IIHERBEE T TH/mWINE A 2T
H—J. B CEINELTES WbILD U-thongl =° Chainarl X B REE T COAEINEL
HIFbLEbn TN,

PR DN BN KX BRSO Z SITEEOMTH K< MEN TV,
Somjit (1997) 1% 142 OEFICK L THEEZITT>TWD (IRMHERS) . [EEIHRHE
DEFFOTNDZ L] AT — T, BROOLOEIZEOH T, HbZro7-Did
Y hyFeoffE] Tholo, MEOWIZIX HYTHLO/E ) | THEGE] 2wy
T, TBUE, BETHMATND Z L) ~OBERMICIE, BB OMBEAmNZ & .
(RTHogE] | [Fh WRASOEMFFERORNZE ) £ LT [5@hR2] ORZERN
EHF b TnD,

Rajburi OHUKD FEIE DS Somjit DT 7 — MER & EORERGT 200E, AEFE L
TIRFOHBROENTND T, HERTDHI LT TERY, M LIERICR > T xd
T N SR Y= MY b e N E R R b S A Do it
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C.

Bk BRI

(a) #EK

P R F EITEEEROR THAKEROEWEM TH D, I SR &M ME
PRICHIE ST, 80%D3 KB, 14%23 8L, 6% RE-PWE CRbid, 1g D~
FEIZDOE 50—60g DAKRDBKEIZ D L F i, ZOEIENG Rajburi #llk TH F 7 ¥
ERZEDRRICBWTHE T 2K EEFET 2L 1 ADOY U F COMKEEDN K 3
kg THDHNH L ADY b o BILIHER £ T2 150—180kg DK ZTHE L T\ 5 EHEIC
2%, AR TR D L FEA 2002-2003 A5(21E 100 15 b D b 7 B8 Rajburi #
B CULHE S LTV D Z &, 5,000-6,000 75 ko DKM E SL-EHEIC 2 5,

Rajburi HUHOH ~ ¥ BB TlE, HEMHTITE A= b o ThbiThihvd,
Z DI DRAHT R OKEREE, FFICBERICE > T My e oA FERIIRE PR
J5, Y hUXEoAEFEY CQHH. 3FEATE AD 12 H) 1ZH ) 150mm TRAE
STV, BINERHIfFTE L Eb TN D,

# 2.3.3-2 120 Rajburi 281 D12 5 M OY ~ v e/EERE & BN EDO LA
RT, 2000-2001 FFEDOUHERED TR > TWDLONER IND, Z OWNFEEDOR/IZER
ENEOREBGRL TWDO0E R THD L, 2000-2001 04 EH N K &M
DFNZL HARTENL o TIRWEFERITZRD b2 0y (R 2.3.3-3) | WWHERIAE 5 BRI
D 11 A OFEAKEA 2000-2001 45T Z & 358D LD, INFEERTORK &N b 7%
EOIHERIZ EORERET LT ENTIER WD, B ANZ = PMEMOEFICEE
THDHZ LIIMOEMIZOVWTHRLL BN TEY, 11 HOKBEKER ZOEE, IE
HI72 5B % R o To ATREME IR E TE 220,

Rajburi 8 T~ X TH A2 F0 & U THERE T0kn 12 & LSRRI NA G Y F % v
DA SINTND, ZEOTDGEITNC K DEKEDENARKE L, 2000-2001 2K
DIBRSRIZ T A > TV AHHIER 8 5 —J5, A CARICHICm OBk S & 0 | Hils k% 1
LUK EIIREDNRBLE 2D T,  FUFERED TH|Z R 2. 3. 3-3 DFFK
BNDITO ZEIXNEETH S,

#2.3.3-2 RajburilZdiFT 54 ~ 7 B AERER L HAINEDOHER

P Uk EOMARER BhrmfE (Raix) FATIN &

Y FEAE (ton) (ton/Rai%*)
1998-1999 830, 841. 50 97, 460 8.52
1999-2000 825, 905. 17 96, 550 8. 55
2000-2001 755, 404. 20 104, 350 7.24
2001-2002 860, 690. 20 105, 150 8. 19
2002-2003 1,043, 476. 86 108, 250 9. 64

HidiL: Rajburi®lfE T 0 O & EHx
2k: 1 Rai® = 1,600 m?
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$2.3.3-3 AT 7Y M OKIE (C) BXOFEAKE (mm)

24
153
f&
I I )
¥ ¥ 54
® & o & P woom F
[T R 15 S s SR 53 B OB W
AR AR A & KoKk H
A A L MR (- A - N, (1 =1 =
2000 7 327 352 25.1 238 28.6, 832 433 19
8 333 36.1 256 24 289 28.8 16.2 13
9 324 357 249 229 28.1} 163.7 549 17
10 315 342 234 229 277 371.4 70.1 17
11 31.5 34 222 17.1 266 3.7 34 3
12 323 351 229 189 271 327 244 4
2001 1 30.7 329 232 193 269 33 33 1
2 31.8 351 237 21.7 279 03 03 1
3 30.5 343 247 21.6 27.6] 2734 54 13
4 337 35 26.7 25 304 242 169 2
5 325 343 257 245 28.8} 176.7 62.1 14
6 329 364 257 249 29 25 11.2 10
7 325 355 255 236 289, 712 424 8
8 325 36 253 23 285 1109 25.7 15
9 325 36.5 252 234 28.4 123.7 364 13
10 31.6 342 244 225 276 2973 404 26
11 304 33.5 22 185 258} 107 7.2 3
12 30.8 335 221 172 259 156 15.6 1
2002 1 304 337 21.5 181 256 0 0 0
2 31.0 319 239 213 275 0 0 0
4 330 343 258 242 295 409 29.1 3
5 33.0 356 260 23.8 29.3] 108.4 384 10
6 33.1 369 262 250 29.1F 523 220 16
7 33.8 375 264 237 29.5/ 68.8 319 15
8 32.1 347 253 239 282 73.7 123 20
9 31.6 339 250 232 279 1440 394 14
10 326 341 244 220 284 51.8 19.8 9
11 34.0 21.1 274 1369 22.0
12 317 343 234 218 273 373 299 20
2003 1 30.7 325 209 16.5 258 0 0 0
2 313 340 236 19.2 27.7 0 0 0
3 31.6 338 246 226 28.3] 422 229 7
4 335 347 261 245 30.0 7.3 4.6 2
5 33.6 36.0 263 247 294 110.6 289 14
6 33.0 342 259 244 29.1} 101.8 29.1 11
7 337 367 246 228 28.4f 159.4 44.0 22
8 335 365 262 246 2937 363 9.7 17
9 32.0 355 253 239 28.00 1504 62.6 17

Hi B : Meteorological Department, 4353 Sukhumvit Rd. Bangkok
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HARMERN R OB 2 i/ NR & 9578, Rajburi o —¥FH#us TIXBUFIC L - THEgR*
fHPNERE STV D, BIRERED 30%0° Z OREEO BB 2321 TW DA, 8D T0%3 KK
WIEE > CTWN B,

FENL I & RAKHUI CoOHY b X EAFEROEWIIEE TH 5, SR To Py
~ D% BAFERED 15ton/Rai &5 78 6 KIKICHKAF L 7= i3l D Z 411 9-10ton/Rai & |
2/3ICFETHAERITTIN S Rajburi B¥ETIHE O T Y 7)) |

2 OV X EAEETHEBIIIRE MEE HEDTBY, ATYT U ROL )
MU EAEREL 100%E THEIEICEH > TWDES H 25, HEREEH TR OKEREIC & E
DM DT, FEIZY P U ERKE L F LK EA FRERIR Y IEfMEICHE L,
KELTKEEZMERNT L1X, FRICEHETO L 9 ICRBOFE LV HER T i B o
NHEEOE LA L7 5T ZIFICEZETH S, FAO(Food and Agriculture Organization
of the United Nations) CiZirf:. APSIM & CANEGRO 2B EF/LZBIE L. TDOET /L
WWEoTH MY EDOKRMBEBELZHATEDL2ELOICLE, Z2OET AV TIE
ET (Evapotranspiration) D FtHE N K EZ RO L FE TEERIELEZ 5D TWD,
N. G. Inman-Bamber % (2003) (A —A R Z U 7 & AT 7 RTOMSEN D ET £ E DR
BEERICHDOETER LTS (RHEEE)

PR EDAEFE, TRbEH AL F~ ADOBEEITE W TKIE OREII RO CTEET
& %73 Rajburi HUs CEIEEEE S A2 7 L0 BRI > TUNR U 70%0D Hisk 12 K & % 8|
K EWRRG R LTIV, BRRI A NBKREIZRDET TR, #ETey =y
NMIFKRRTT 08 & TRV EKEBYR, HEERMR EORERBEL D &2
FRERNEN B 5, BUEOKFIN &2 R KRR T 2K EE 2 HZ L DD Rajburi O
Ba. BHATHA 9,
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(b) Hape
OIEY) & [FERIZY b U X B b Z ORI HER NS ORGOWINEITS, PR
FEDRET DHDIZENL BWVDOFES Z RIS DM DUV T Zende (1990) 133 2. 3. 34
DX REFEH LTS GRMNERTp.23) . EOREICBW TR bMLEL END
DN, ERTHDH, BREFEK, Vo, DI BEFHINDTZD, BEE LTESE,
Vo, WVERELELDEERGT ORI TH D, £2.3.3-4 0267 Y BHIRH)
ZRICY FUFEICEBRENTWIOMRER S5,

#2.3.34 Y FUREREFOREICBWOWTHET L LELHTESE (Zende 1990)

N P,05 K Ca Mg Na

oy HRER
(kg/ton cane) 0.56-1.2 0.38-0.82 1.0-2.5 0.25-0.60 0.20-0.35 0.02-0.2

Rajburi THEMENS BVDERPDEE SN TWLONEY N FEDAFERE S &

WZEHR L7z (F%2.3.3-5) Rajburi fhic k% & ¥ b 7% B /AERERIT 10t/Rai (=62. 5t/ha)
EDZ L THHOT, Bk ha H7- 0 200kg DEEMHE INTWD EDOFRERIT/R D,
LorL, ZOHEICERAE S T oEFRRG 2T 20812, ZEOREERIZZNED
M7 TR, 7872 DARCMON M FRTE H 5 WO ITRER D b BRIIMIE SN D720 T,
TN O DM ERBELGI K MENRDH LD TH D,

il

#2.3.3-5 Rajburi ™4 b U ENERICTHE T D5

t/ha t/ha
P hrFeApER (t/ha) N GFEY N RIEY
62.5 0. 25 0.2

UN 4% = 0. 4%
DHHEhR=80%

ERITHEDREOF TR OBEERMEZ HOTND, ERIIRDZMEWITL > T
WENDTDIT, ZOEEMILE, Abayomi (1987) IZEEHRILELRY b 7 % B OILEIC
JOEFTHBELZTTND (ISHEER Tp.23) . EREEHIZEmME L LA KEN ZED D
DIZFH LTS (F2.3.3-6), FEHATIEOH, KRS LHHBRLTEBY, M4~
AmEHEINEE 5 ECEERER TH D, Leaf water (succulence) WEFEDE FIZL -

THEML WA O HLEH NS (F£2.3.3-6) ,
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#2.3.3-6 EFREERY P U X EOINEIZKIF TS (cv. C0957). (Abayomi 1987)

JEPERTRE Y b oS E
EFRIEE E@WE 2 XE O EER ¥FEKS Yoy I 5
(kg/ha) (cm?) (cm) (cm) %) (ton/ha) (ton/ha)

0 309.67 124.19 8.19 81. 65 50. 87 25. 84
80 3b61.57 131.04 8.30 8b. 33 53. 87 28. 09
120 367.93 144.06  8.256 87.4 60. 75 22.04
160 411.25 138.17  8.07 88. 65 59. 54 33.78
200 401.62 130.94 8.23 90. 19 55. 25 31.4

Rajburi #ilk CoY F 7% BHES 2B BRI O H &1L, —#RAVIZFEK 2.3.3-7 Dl
D THDH,EFICE > THIERFH TR > TEBY JGEOREES 1 HZT0 L Z A0,
SEDEREZIT> TWVWHEZAEH D,

#2.3.3-7 Rajburi (23517 % BifE D% 34 fifi i &

ek 5 &
kg/Rai N kg/ha
F—2A1 50 46.9
r—2RA2 100 93.8

Rajburi [ZBWTHIESN TWAEROBEZ R THL, TV Ihb0FH, 1)
50-100kg/Rai DOHEPH THifE, 2) 15:15:15 EAFIE DN A THLHZ &, D 2
St Ao THE L2 M RKOEA TH 93.8Nkg/ha TH W (F£2.3.3-7) . Z L% Abayomi
(1987) HLAFEH L& (R 2.3.3-6) KV BIEVWETH D, F7ofioo sk & g L7235
A, F— U % A TIENPK % ha 72V 7501, 000kg ¥ 5., HfETHE— U v X L1FIF
FIREOIEZ LTSI b, XA TOBEN DN ERDNE, 26D
Ll Rajburi ICBWTEREINEZIECT I &0, Y MU EOAFEREDOHEKIZOZRN
L AREME A RIE LTV D,

Yadav (1995) HiE, ZEHEMEAZ 2 [EIZ3 T TRET 2 Z LITRE LOEM LY | &)
ORHF ORICHE TH D Z L 2B LTS (BAEE 8) . BFICL > ThifEom
BEHESCLTNWDIDIEZ ) LIZE ZAICHLEBARH L2000 LR,

RFEN LB D EFEIMEZER O 5 B2 X 2858 73% 5 (Somjit Srichan 1997:
IRTERES) o AR L7z Somjit 23T o 72 CIXEREMEFIEE Z0EE L TWDH D
O, AR OB BN T2 DIZHEAE T & 72 WFE R 5 I E TV 5, Rajburi 12
BWTHBEFIZE - TUIRBEWZBLR THAES TEXA2WEENFET 200 LHEl S
%o LU, B COMEEZ T MBIEDO L Z AEEHIB L CRIED 72 & D%
DELNTEY, ZHIEZORBEKEOENARKREI KL TWDEHO L EbiLs,

Rajburi CTEZIEEIOWERY FUFEOEKE GO L, I TE D000 &%
B3 L OFEZ B3 EEE BIHIELZE T h U R EREIR L W A E TS BIE S vz,
EMOBRIRIZEFZOBLIHITRNT 50 TR, 1, KBERELEET LI LD
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i, BHTER L7 PR ERBIESNIZNG E0 - T, EbIZENEERL
BrOERIBE G ITERET 5 2 LT TE Ry, BRE WO RES —RR97e b Dh, 18IERIC
RonDbONERIICH LN L ED%, ZOMBEOFRINZE > TS BERNDH D,

Rajburi TR IN-HER LT
FRURE,

R 2 2004. 2.4

‘BH 2.3.3-3
BUR L=V b osE

JEfEIX Rajburi OBLRAHHIWT L CEE R G AREAREBICH D B2 DN DM, Bl

DOFEN L THUIRDICEET D MERH D, BEZ LIEAT B0 2 47, k&
LS TED, 200442 A 4 BIZEHM L7z, —HF B OBEE CTIIIEEHIM 2 117 #9131
IRai 721 50kg Z AL TH Y | “HFH OEZE CTITHEMA a1 (MSG £45) 75 N:P:K
MENZIVK 20T DA 2> T D sludge ZALBE L7-D HIZEM L TV 7o, Rajburi D5k
IHENOHD 7 ANE = —F b —HORFIZL > THEPR TVWD L) THDH, Ll
TANE ==X E TN D EGA~ESDIZ, 7 4 VE — —XOFH T X R4
X EOINHERIICE R D720, EOESOBBEE Y BB T 4 VX —F—F
ZRIH LTV RFFDRNESbhd,

HABEETOEe T Y 7T, Dr. Ampon 7> B3N A trash 72 E DA F~ ABEM D
KR T < HEIERCTH D L OEREEZ, Vo, BV, BT TA T XU A
REDIRTNVGWBIRAGIZ K - TEIMT 5, ZAUIBEMRES GO E TR TH S
DEFRILHEETHD, EERIZOWTUIIKII L THIREIZH N RN OITHE, it
BT 2NENRH D, ARFS THKE TBICRT Z L IFEKREZED D ETHHTHDH LR
DI, JKOBEITLEMAIAT Z & HRETT 5.

(c) BREL

Rajburi TIXFRELD F%Z TX 572108 < 2 OICINHERF ORI 2 I E L, -
BEREIIHSED (v TF V) ZETHEDEREL S HEREZLBELN TV,

(d) JRHREHER

Rajburi TIXHEZE 70 BEOHENBLZ I TRV, RIZFHBENKREICTHEAET
DI TG AT, ZEOBRRIZEZ L O RXA INBRPNDHTET TR, HhUuXED
APERZ Db DI GBS 512 TS TIRE IS O AT L7282 IUE L Cxt
WIZY =5 Z L 2LBT TN D,
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@ Wb Ux ORI
a. WML

INHE VR L, BRI & N D 2 FEHO FENH D (FE 2.3.3-2,-4 ),
Rajburi OREPETIZZB O TIHE 16 BOA—RA R T U THRAN—_RZAZEFHALTEY
1 5 Cane JLEERESIL 120 R /H TH D, ZIVE CHBIEIL 7T B D/N—_Z2 X % H
TEGHEEEEOR 10% T O T 23,2003 2 9 BEEBIM L THE 16 B & 7R-> T
%, Rajburi TITRPR, BIKD 40%F THABINHER ATRETH H & LT 5, 2002-2003 40D
T EUHEEDK 100 5 R THDH0 D, 40 b UFREED Cane NLEE T HEHREIC
5,

NIV E 7 INERTNICBEIZIZ KA T 2568038 553, ZAUIIERFIZIS T 5 trash
BEOFMEEL ZENHMTH D, Rajburi DEAICIZ100 5 hr DY R FEDH B
25K AN SN b D E SN TWD, ZOFITIE, 721X 2 - BN L 2ROV EDO R
ALHEZR KA BUFRE S EN T D, SH%ITZ OKANE Y OFHNGRETH D, T
TIHEF~MRETHZ LICE ), KANWDOEIGEHIREE THL T EEX TV,
AR FE DA 1L, Green Cane Harvest (kK AL TIZ, trash 23TV TUV D ARBETUL
H2AT 9 HiE) 217> T D,

Cane DGl (CT) MR A v & —
TOUWr S, BN TERIRILN D
MY ESID, ZOHES DRI
T5MT7 v 7 DOMEICHERAE
5, trash T/ N—_ZX X EEH
Sz X S5,

B2 : Rajburi 2004. 2

‘BE 2.3, 3-4 FEMIREDOREF-

7T w2 STz CT&L & trash
WZIRTE L7 IRRE CHR e M o i &
Bhrns,

¥ - Rajburi 2003. 10

BE 2.3.3-5
FERRIN T 1% D U FE TR T
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(2) BREE LToCT&L, trash OFHATHEMEIC ST
ON: =YYy
a. KOOI
BUE, BGICHEIS N LTI E LTHRA S TWS DX CTRL & trash Th 503,
TNHEBEE LTRIATE D20 E D DOtk s, £, KALHE & KA L
ik & 23T THE XD, KANHIE CTITUHERTIC trash ZHEWTIBY . KARZ DL Z
& T trash ORELE L TOMMITER EETRIERWEZ 25, L, KATITEEmRIN
HETII < ANNEDLZEIATOI D DT, FEERIT trash ZREHE LTHE S 72012idik
ANZEIED SET72t%, B, ERR EDOa X MR EL T A2 Ll d, £D7) trash
ZIRERIA T 2355130 b U % BB STV A HIBRICIRE S D Z &2z D K
ATV TN DN E D DITEFE LB TR, D7D/ A d~ ARE O ES
BT DB AN ELIT > TRV Rajburi TIEEIRD 75%2 8 7= 5 HIIZ SV TRt
THI LR D,

b. Collection LARjDRRE
(a) KANDOZHE

KANNDZRHRIZ DWW THRIZEH L Tl <, IERTICK AN 2 Z Lid, IHERIC
ERIEDO DR, ENWRRIBIZT 22 LIV, ZHUIWRERE TREZAESICL,
INHETRE e A& H/NRIZT 5 EE DT\ 5,

Rajburi ® THIT A AN ZHEL L, trash OBEHISICHOWTEREFI AT Z &icHon T
TR TH D, BEREIZL > TAANZIEDSHS 2 EHEWTITEROTITEY A
DL TRERIREDHIT L LEDLND,

(b) BEUNFHE~DRAT

BWINE~BAT T DN T 7 UND LI, WX N2 N 5000Ic, BH%E
KO ZEIZOBRNRDLEVHIERD D,

L2rL, AR TIIHBINE~OBATIZ, BIERFZTHHIAENEE TWD
(Manas 1997:{RAHER 9) BUR TIXIT E A EREIC R D L Bbi b,

PN FE~DRAT A2 W5 2R 2 BRI, BISOAROMERE T Tk, BHEIC
FIET HHAHED BT O D ABENRZNE N—_ZAZDORNERE ST L7500 TIER L,
INHEMZZNODABEBIRS > TLEI ZERBELLND, ¥4 TiE, BEICAERD
D ETEH TR SEIRD S 2 7o DI LIC R EE 22 & 2 b 5 (B E2.3.3-6, -T5 /),

gk
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52 : Rajburi il 2004. 2

'HE 2.3.3-6
PR N 0D A

52 : Rajburi il 2004. 2

'BHE 2.3.3-7
RO H 5

c. Collection (2 X B &

(a) v VF U T DOHE
trash ke L CRIAT 57201t SEINT 2 Z & TAET L TH A 9 REIZD
WTHRET D, ~LVF o 7O RICHOWTEIET A L. FTEOFEREZZL LN
%,
@®

SYEDO¥ER, TEAZIRIC L, ARELERSE, @RIEEZ D, JKkE RAT
:Téo%@%%:ibmwﬁﬁéﬁgmﬁé
RAKMEDIER, AT NCEL Z &b HEICE X 2T EEMIZ & > THI
RFTREZR K B2 D, ZDONFIT ML BIEA H V) | E LHE TR
RENHOD, fiE T TOEITD 70,
CEC (BhA A A RE) DK, AV, WV TL T XT U LR EDHER,
TURET IR EOREFEINERT D, b RIS THRNRER Y WE L
BTHREIRENEOD, KiHE R TOMRITD R0,
ﬁ@i@lﬁwfi7wi:ﬁA®%@%ﬁ EORELNMEE 7D 2 R H D
. A OEEITE D LI EBEZRRT 52 LB H D,
WAEMIEB OIEME L, 7272 LIRGT DAY O C/NIIZ K-> T, 72 & 2137
EC/NHBENEMZHRET 2 L ICHEMIEINC L Lo b RN H 2,
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AT OLDOOEREHRITIDR L WAEMOTES D > THEPIZER S
VIALES RSV IS

BENNHEREN B E b Sh

TWDARIL

B Rajburi Hus{ 2004. 2

‘BH 2.3.3-8
< VTR (A

(b) THE~DFE

Rajburi Husk CIZIEITHIIZ trash <0 CT&L S HEEICEh & = Fh, ERE LTRSS T
WHZEND, TNERLHT LI D EEIBIRE~ORBEEZZ DLERD D,
trash X CT&L 7¢ E DAY OFRIEIL HEIZE TS, T I ~DORER L 2 DT T
X722, AL T D7 0liE, R X5 A Omf, BEWCAEmIC
LD E Rt L CRETH D, AN aRIEOm 2% < GTe/x b, Bk
ELTORMRITRLSBND R, V7= EESREOEZICETL O THIL, KH
WZhT- 0 FHE HEP IR E N WVEFEDS Z LD, ZZTETREICARLD
1% trash <° CT&L MR 0T WEHEM 22 E 9 7T %, Graham © (2002) (XFRIEDFF
HH LR HEOEIREIC S 72 5T EEBICONWTEE LTS RMER10) . ALEIE1)
B2 THRELZHBETAAN, 2) FEZMMICE L E kAR, 3) ZU—un
—_A R, D3DOThHD, TOME, HERBOAEYEEITL) . 2) . 3) DIEF
THIINL TWepy, 138 10em OTRS TIEAWIKHE . RERIITLBN A oo o7,
HEHENDDEFINA A~ ARFLERITH T TEF LW & T, HEOEHRNIT
RFBIZL BRTEDOEMMBEETH -7z,

PRI & MEAEIX AR B FZBOINZTIE R, N A RARFBOEIMZA G D X DI
WAEMEEZE ESE0ICHGE LTV AORRBROBENLHLNER->TNS, 5
IFRVEREITY X — OB NEY L L TR ORI ES IR SN D, RO
BEIXZ O BRI OB B 542 & 5 023, 59 R O HIGER T bk
RThHd,

Yadav (1995) ¥ 1992-1995 (29T - 7= [#1 35308k T trash DIEIRE~DF 5L R 2 8 L T
W5 (AT 1) . Z ORBAT trash 2~ /L F LT L-5a. HHEbaHRE -
EREEROSHEN AT R LIS THEIML TS 2 EBRHERIN TS, Z O
GBROGE . U X EOIRITERTING, ARRER, AOBY o LHEEERO
ZEDVHER I TN D,
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trash DML EIT~ A T A2 R LTS (R 2.3.3-8) . ZAUE trash AERIEEHE
E LT DTIEARL . BHMOSRO - DI HETOBRHENMAEMFIAEND LT
ERVER L THDLOTIERLS, WAL TS Z 2R LTS, E7 trash
ORI 5-AEY DO SR HMZ 5 & 2R EZ R LT D,

# 2.3.3-8 AR e R TR D K FEAEEM O R (CY4E 1989 IRTE R 12)

AHEEM R %pH KB SR EREELE (ng/100g)
NH,-N  NO,-N At

trash 7.84 8. 04 -0. 09 -2.51 -2.6
INH A 7.9 12. 38 -0. 1 -2.56 -2.66
T KGR 7.92 8. 36 1.42 2.97 4, 39

Rajburi @35 CIIN:P:KAEE (15:15:15) BN—fRIZHEH STV 5, & OfbE e (B
) #5723 Rajburi IZBWTH MUY FEDORREIC IV BEHE SNDIERTDITE A
CEMIELTHY ., trash 72 CHEMERE GBI OMYE Z AT K2 EFR S OMIEITE
HLLTIFDRNTHA S,

LI L s, BHFRUEE COFEITDVRVE DD, trash 72 & OHHEMITIBTERIE
IRIE 2R - 17 L S8 5 ETEETH D, NiP KRB H D B AR > D%t LT,
B EMITENIEONRE D, RO > THMED R SICRIHEN D Z L 2@ L
THBACN BRI E L Co&EEZA-> T 5,

INA F< ARELOFZED ETHIEEHR 5 &N K > TS A~ A EEZET 2 L
TR & L THEER DOV ESTHL EEbILd, LV DbITEZROFRGIINA A~ R
HED ETHRNTH DL LD, TORMAERG 2 BE T L IZEHMICNLTH 2 LA KRY)
Th5b,
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c. B tHEOEHME R &

Saowanuch  (1998) (X% A HEED 10 OH b U F BB N T HESTZ1T> T D (R
FHERF13) o 1IZEAEDOY b U B C RO PIRE TN o 72, FRICHYE THEC R
PEHEETITY U % EOFEE A ANE R1E & IR IVIARAL Th o 7o, JEIREE DR 1
IZBWCH b X EOAEEL @O DO, EF LIZERERANETH D, TOEH
DT HIEAHY OE BT A DIEIRE R EOHFERICR D TETICEETH D,

Rajburi sk T HHEARIRE (R 2.3.3-9) 2R THD &, FHHEEYE &L 2.38% T
EF—U Uy ATBITLHKILIKEED L5 ﬁ%%gim<i&<\_®_kii%ﬁ%%
BENY P EHESICE > THEHETHOLIZIEARL TS, PRK 2 EOEELRE L &
<L ZHUER UL @WEEMRE Z R LI IEEHR 5O |2 kI k> TR D Z L Ok T
bHEEBIZ, bEHLEOMNPHBIZE > TEI ZLE2RTEDLENRD,

#2.3.3-9 Rajburi Hilsh +H5 — % Ol HE &

F—A% CF¥) moME KM RV ABRL

pH 157 6.4 3.6 8.5 1.1 16.5
HrmaE %) 42 2.38 0.7 4.8 1.1 44.5
P (ppm) 155 13.6 0.0 87.0 17.2 126.5
K (ppm) 157 23.0 4.0  143.0 20. 4 88.5
Ca (ppm) 157  1286.4 15.0  7140.0 1714. 7 133.3
AEEHE 5/ (kg/Rai) 132 93.5 0.0 714.0 57.8 61.8

%] 2.3.3-2 Rajburi HiX 42 BFIZBIT A EO L A N7 T A

15

10 —

() BENE

arEE (%)
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75 2.3.3-10 Rajburi FH2A%HE o> H X B 35 o> - HE

R FERD pH oM % P (ppm) K (ppm) Ca (ppm) HEH&L%E
(kg/Rai)
A 6.0 1.8 6.9 16.0 926.9 91.2
B 6.4 14.6 26. 3 1127. 2 93.7
C 6.9 2.9 15.6 23.2 2162. 8 94. 9
D 5.6 0.7 2.3 4.7 79.7 100. 0
E 6.0 1.8 15.9 28. 4 259.4 84.3
F 6.8 1.6 14. 1 16.9 2184.0 90. 2
G 4.8 5.0 7.0 50.0 100. 0
H 6.1 1.7 13.1 29.6 240. 7 82.6
I 7.2 2.5 74.0 11.5 647.0 77.0
J 5.9 3.1 14. 1 24.0 917.5 80. 4
K 6.3 2.9 24.7 27.1 1009. 6 154.9
L 6.1 2.5 7.1 28.5 607.0 94. 6
M 6.7 2.8 7.0 22.7 1570. 8 96. 8
N 6.4 1.8 10.0 16.0 65b.5 90. 1

(1) OM : frEEs &=

# 2.3.3-°9 OTERERHMRX I EIZEDL I L TWAENE RS Z LI, Rajburi
M DO FHAPE N 25D ETHEIT/e D (K 2.3.3-10) , pH 23 G HisL TIRWVEZ R LT
DMUTFFLZEL TV D, MU F gk, pH MERBVMESTH L L EHiILTEY
FUE EIERV pH TRWER Y TR 217 5 BTV, 7 —F TH 2RV | Rajburi Huskix
HIRMEIEDOBENRVRILTH D E 2D,

e, Vo, U, AT ULAEEFMRIZE S THERH S, U UKW A, D,
G. L. M HUSIZIW CIIARANE & SERE AR 2 M1 2 & o CRh R e M A% G4 L. Hi1)
EEO TV RERND D,

d. CT&L. trash OREFIH &

CT&L =2 trash &\ o 72 INHERRIE OBREVRIC DWW T, 2 O MEEHESE L T 5
T2 HH L0, ERICENS DWOERLEENORLH L, ke LTRIHTE 2058
ARAICELE L2 diE e,

ZOT-DIZHMO T — % | [WEET — X % fli > T Rajburi 2»5H ENL VO EDE
BEBELE LTRIAT 2 2 LD AHETH D et 217 o 72 (£ 2.3.3-11,1% 2. 3. 3-3~4) ,
ZOBFHIIIREMZ o 72, ZIUIEHEIOEIGRE TH 5, FHY OTESRE B 17 Hh
REICE > TET D, ZOREIIIBIE TIXLERN A & 2> T X 03I HER o
FHEMTEIGHRE 2 5 FENH DA, AENTERE, B BB 2 AHMIKE DT
VRHfERZ 5B L LTHER L (RTEE 14),
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#2.3.3-11 HHEWR A TR B DR

H H i =
THED D OB IERE &
fErEE (%) 2.38 Rajburid2 52 D)
THEER (%) 1 SCHERAE
(ha #5)
+: 10em £ T & (1) 1, 000 lha, 10cm R, (I 1
T RS & (D) 23.8
R AE & (ke) 238

CT, trash (2 X D A#i#5

e E (%) 40
JEREMERS D 7= 6D D P 58 (kg/4F) 595
[ F (kg/yr, ha) 1,190 (A &)
B GG O DR 7=
i fih) b A - e G (kg/4F) 2, 380 (BB LB i)
BEOAEHMBEANE (BFE L)
XL X OAFERE (B —2Z : t/ha ) 18.4 62.5 t/ha x 29.5% (3 2.3.4-1 DKIYHR)
CT (¥ ~—Z : t/ha) 2.2 18.4 x 11.8% (3 2.3.4-1 ? 8.2/69.5)
trash (88 ~<—2Z : t/ha) 5.9 18.4 x 31.9% (3 2.3.4-1 ™ 22.2/69.5)
EHAEY G- (ke) 8, 100 CT&L+trash
FrH Ll s A s & (ke) 4,710 (AP &) DA
¥ trash FEED 80%
FEHH LAl e A & (ko) 3,520 (kmEgptha8) O5h
¥ trash FEED 60%
SV B H L ATHE trash &= 70%

PLEDREIC L0, FHOIRE 2T L SFIC trash 2B LCRET 254, 0%
1 & DM S DFF B LS ITHETd 5 & O 2 37,
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—==2 im (0w AR5 72
AH R

e
o

AR B 1% [:>[$%%%%=%8m]

<

Ve

BEFHE A 1,000 ton Q”

+
AW E" 23.8 ton

[5>

534

B &
N R A
B AT K
58

* —&—=

SFE ORI E LT |
IR S R 2.38 %
(Ra jburid2 5 D))
THEREE 10cm
FEABNTHFE 1ha

trash OF G\ L > THEWHEZITO & LI2HA.
trash OGS BT 40%72D T,

WP R T

238 kgX1/0.4=595 ke TdH 5%,
KOS DERED D RT D L LT 2 20 595 kgX2=1,190 kgZEAT S (RHEME
HHE) | fEROIMKER L2352 5855121, SHIZZOHED

1,190 kgX2=2,380 kg (FEmLEHKEGE) 2575,

2.3.3-3  trash FIHAEEEFHAE O TIE (Rajburi HHEOHEEZEE L C)
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_ REEY R

8,100 kg

HBNT 2, 380kg B[\ EN

l trash5.9 F>® 5%, 1, 190kg
BREFE L CHI A TRE R &

TRIBRE 2R 5T DI BERARME

RIEOHEZZEDOZ L) 4,710kg A>b 3,520kg= Z ¥Lix
11 190 kg (RHIELEREE) trash £ DH 80%—60% (V3
2,380 kg (BN EREER) 70%) (ZHHYT 5

2.3.3-4  trashHHH LEROFE
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© WL, EE D ORME
a. trash OMIR
trash Z UG, EMET HERICHIE E 725 D23, trash OLETH S, LLEDPKEK Y (D
F VW) 72Dl trash ZWNTa LR MET 2003 E i, RO DICHEETH
2o

b. trash OV 7%

trash OUWEFEITIIREL T TL) MMOREICHE ST -7 KEZINET 5, 2)
FEWUNFERFIZ T R X B0 Y B L [RIRFICERE L2 Ad, O 22055,

1) OFEZOW TR OKEEZ IR VED D DI, ZRRFIIBNEIZ/2>TL
%, WWEOE trash ZFEAATLIEE DAL TIERV, TOTOIEEDFEE LTIX2)
DOREMRUNFERFC trash ZEIT 5, SV ORKLHENTHD L EDbRS,

FAT EORBER N DIMFEL TWD, £ trash 5% E L7872 SIZEIRTE 2L L
T, ZhEERICERNLR L IICEDL car 7 MeToahtnor e e, ®BELDX
INRET 20 THDH, 237 MUTEOERE O S IXWICERE 72 < trash ZFH0IAT Z
ETCHROHENG HHREITELS 722 BRI B, TN EDRRED L DIZ72 5 )0,
MEDORRDRARMNLTZY | BOLBEZEZ T LT, dT8AD RITKkEIKEA
BT THL Lz,

(a) trash OEMEITIE
TH~OFERIZ DOV TITIEARIZY b o E O L M/ (BE 2.3.3-9)
B b U % EERRT Rajburi TIXRGAIOAHTITONL TR Y . £D72® trash ZRED
T-DIEWT D bl TOERM 2 A M EBINTEA I LERETLTL 5,

‘HH 2.3.3-9
JA 7> 53O &2 ik
INEES =Y bR E

R : Rajburi Hilk 2004. 2
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#2.3.3-12 Rajburi LT ~DOV F XA E

Hits 4 TR EWARE (ton)
Borploy 5, 800
Thamung 9, 700
Kampang San 24, 000
Banpong () 29, 600
Banpong (V%) 55, 000
Pagtor 56, 000
Suan Pueng 120, 000
Nong Kwang 279, 000
Jombeong 356, 000

at 935, 100

7% 2.3.3-12 1% 2002-2003 45T Rajburi #HE TG~ SN7=Y F U EEEIRT,
Rajburi ORPETH~OV RV FEMARTH Y, FHX O MU XAEERELZTRTH
DTIEZRV, HIERIOWMAREZ FLTAHh D &, B TIHTT WG S O AENRZ <,
F & LT LD MM O OMAENRZNZ L2715 (2.3.3-5) , trash D
WHFERRICIER THEETE NG 72 SN 2 N PRI, £ D trash Ol
a2 N EMETDEACIIERE T £ CO TS EENHREICERA SRS,

(b) FERKGEAR
CTEL & trash OISR L EARICONTIE, 2 SFEIC OV THHERA ) b R4 & A

SYERAEFE LT, FORREAEHE 2.3.3-13 1077,

#2.3.3-13  CT&L & trash OFAER R NG KFE

Variety
UT89/2/336 K 88/92

FE A2 | % cane 10.0 9.4
CT&L

K| % 85.0 82.2

32| % cane 5.0 3.1
trash N

K F (% 26.6 27.0
Leave 3842 % cane 10.0 18.8

&K% 33.1 31.4

HHE : 2003 4F 10 A OBLHIFIAE DD
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BORPLOY A

5,800t

KAMPANGSAN \

24,000t

THAMUNG

9.700t

56,000t / 1:300,000
0 15kn

2.3.3-5 Rajburi B TIREAMIE & F o v AER )
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(c) A I~ 2D OFIHIRIL
NA T ZADMOFIHRNTH DM, 7 4 )V Z——F (G H 2.3.3-10) k& LT
HECTRERICRESN TS, 2720, TORAERFYNAY MU X EOIERS & Hi b
O ERIZERDNZENZAM L TSy —2 L LTERLATWS b0 & Bbhd,

BHE 2.3.3-10
WOBEAFEDRFR THEH S
NBHT 4 IVE—Ir—F

52 : Rajburi Mg 2004. 2

(d) huFeroxrx—{Eme U THMT % raetk
7. Py EzR AL LTHE 2 DB

P 2o 7= & OFE (SHR) R CT&L, trash ZBREHE L TRIHT 285 AT
@%I%L%AéhT<5#%7%E@E#%HkLTﬂ%ﬂ%&A%ﬁvX%H%
WELTLES Z LD, BIEOY Ny X EAEEEE AL LIIB XTI, e 2
RFT 7D MY X EDOEEREAEREIECT I EARFTT S 2 L b ATREE L L THTE
T2,

P hUF a2 X —{EY L U THAT HBICBIAED Rajburi O b o B4
DMEOBGHT & L CED LU H D DO0E R DMENH D, Bull (1975) bk
Cane AEPE &% 280t/hayr & L CRHFAE L TH Y, F72 Moore (1989) IxZ LV & HI12%
W470t/ha yr & LCWD (RAEET p.22) . 728 D% < Ol T 250t /ha yr
DEFEENH L ZEHHMOLNTWS (Hunsigi 1993:¥RFHEE 7 p. 22), Rajburi @ ha
H720 O Cane EPERITHI 60t TH D Z &0 BERANIXE Z BN EREH 72 0 DAFE
BAECT ZENFARBEE X HND,

A . MEHER Y A1 b S DM (EBRMYEA)

BRELE LTOV M UXEAFEEZ B X DLEAITAA > NI 2 OIHEE »om LT
HDH, Y EUF T AMERT D ETHlEESY 2 SR ERFE R B2, Ll
KTH T0%RDOIRAETHMESTZ 219 ETEE LT L2 ERAETHL EELNLTND
(Bull & 1963: ¥ Tk} 7Tp. 25),  FUFEDMMDEZ 2 b r— L LTWDHDHRA
oL —E (fERE (Lx &) ZE(bbEcix{bd o8%) Tho, ikl ¥
—EADIFT by X EH oM A ESEL0ICEE, —HHES L x—8
(ND IIHED DEFEE B D D DI TND, T D72 AI/NI OESEHE . By Dl
R 2 HER 92 DRI &b,
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Al ZEBRIZ Rajburi TEOTY b X EAFELZECT LV ) 2 L ITBFERNZREE Tk
72, ZOEHPIRERIIS < £ THMMEE 55 O 72 ST E 9 0 OFHii & L
THEZATHAH L NI LLDFETH A,

U MEHER Y B L S DA (REFEIN)

(77) HERkHEI R
BB HEO R THHEG DM EIZH 5 & b EEEZFFOOPHIKMERTH 5, 0. 5m D
ROHIFRTY F U F AT L72SE, 1.0m &5 VNE L bn DEEITH TN
F~ A&, WHEEOEIENEL 8D (F2.3.3-14) ,
Rajburi TOR & B 7> HEEBUNE DT AL TV 50T TR 1. 5m TH
% EDEEEST, NIH#EEZ LTS L ZATIEZOMRIEHRS, L.2n & 725 T
Wb, ZOEHBE L TETONTZON, HEOE XL LN LD ThoT,

#2.3.3-14 AHERBEIREAY b U EIE R OWERRIC S 72 6§ 2
(Gasho 1981:¥sfHEEFT p. 24)
FE RS (m)

0.5 1.0 1.5
stalk JEE (t/ha) 144 94 90
¥&453 (t/ha) 21 13.4 13.1
trash (J#) (t/ha) 28 18 16
NAF~A () (t/ha) 178 122 106
WA F~ A (§fg)  (t/ha) 52 34 32
EE  (t/ha) 23.6 15.2 14.5
=% /) —) (L/ha) 93.6 61.1 58.5

B Z D b O DOEZEITHFRIR RN T & REFICR D L1TE 2T < FHEH
RAERLT L T A A~V RAELZHMESEL Z LIRS L TIFET 2 b0 &R
bbb,
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(1) BeRMEER
Buren (1976) DHFFE/H>5 Polaris 72 & O pBEER| O P 503k 1kk DKy a2 I %
DL Ebliz, WHEEOREZEMSED ZENWLNITR>TND (BTER 7
p.26) .
ZHUZOWTIEFZ A 2L U & UTEBRITHA S TWDEIRR LI TS T2
IZ Rajburi CTHEMEMEROME AN E Y1 E 5 D OHIBHIITRIED L Z A, #EL W,

() &K, BV
ERITHHERR Dy OFIG E IR LT D, MO KRS L VEMIROEF I XEREC

BIfR LT FRTY b U X EOFIHIER B ICIH W TIEOBMRRTR 2> T D,

WEDERKHITHKR DL N MU R LT L Wbl RNT U AD L TR

EN %*@ﬂAﬁﬁ > EMHEDT T OEREICHE TH D,

73 VIIHES DRk T2 A B OE K& OSHFRN O7K 3 iiE 7e & Tl <. K1
@%é&“&ﬁ@%% hHTENL, Y OEFENIEETH D, mmat0w&
IV RUXEAEFI » HETOD Y BEEOEG Y &l Blcoen sz b
%éwfk@itNPKmﬂ@%A%2lzf&<214 T 5 ETEWVEES.
MEZEZHGOND L LTS (IRFFER 7 p.27) o 65-125 kg K20/ha FEEED T
)%ﬂﬁ%#tmfwwi%?47_kwTM%T%ékébhfﬁD\%0
K20/ha CHWOENLE LN E I TWVD,

TNV 7 NTHIEE 2R T 5t R TH Y . T 2 IV T MO kE S
EERSELOICHGTHEAD EEDRLTVD, LinL, —ETIEI LT T A
KZOEMZE HT2bT L DORELH Y | WHEE 5 OWANT27R13 5 & FET D5

BFEHVD

=ise

<~
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. Rajburi T/A A~ A& & LS55 AHEME
INA T~ ABEDRTS TR 0D, Rajburi TIEIARAA A~ AEZEINEIEE7-9D
DI REWHDLEN DD, ZIETOME D Rajburi THEETHEM WRE L B b
WRAAE LD THI (F2.3.3-15) ,

# 2.3.3-15 Rajburi OBLRNOLFE X HIVD, BFEIBEN DRI AN F~ A&
HEINEH 572D DA GEI R %

HH EZHNDHE M TN GBS
e
Ry STV Y (OF-UN L5 fED¥ &
=93
TETE T i 55 0D B A 30% 0D HE &
REEE EHREEOHEE 1kgN OBET 0.5 - 1.2 ton/ha OHIE
JR OFI| RIE
FEARREIRE BT LV EVHEE TR D LL5m— 0.5m TK L5FOHE
D
A il i C O

ARG RITH ETHSZET, UREITAEILT INOOENRZERTED LW
IHDOTHRV, RETIIFIC EHOREIC L > TR KN 2 L TH R 220K H
HONEET, BEOR G FRF T L BT E ORWICIG U THEOREE, &5
B EERDO TV MERDH D, LL, ZORTHIT7-FEII Rajburi OBLRZ
A A~ APEPE & 9%(“9@#%?‘&5&?60) CHKT 23T Th D,

KPOZEZONLHHBERTO (Bl COEIE] 22OV TIE, FSIZR1T D F#INEE
M. 2 A« ¥ — R Chareinsak B 6, # A TH RHIAY 2 EERED RS DX
a2 T THOBEERE A VR DWBEAEPEIZ L LTORREIN D 7 T DD L9 1T EHED —
FHOP T 2bfEAEICRIL, &R, =FBOBHI=F ) — )L OAEREICEIY
78 E LN IRIOREREEA~ LI L T 72D, Bl CONy 7T v TORENT
EOoO0bh D LD EEC, BURRIZRHE CRVHEAEED O /31 A~ AR H OfE# 2 % 1
LT2DE92ENHTSD LD THIIT, ZRAF—APEDTZD DA A~ AF|H
DEORERENE LR, ZORHOT=ODOFRMEWEN T - L Z 212D THA
Do
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2.3.4 Bfixd
(1) a5
AK7aY =7 bOEMERT DHHERMEEZ L TIIRT,

U X EOIHEGIL Rajburi RERFEOMWE 5 FMICKIT L FHNERETH D
863, 200t—c/4F (t-c |& Cane D EF k| 100t-c RITLIVFET) 925 (REIX
755, 400t—c/4, FAiiE 1, 043, 400t—c/4) .

- Rajburi B4 T4 Tl 9, 880t—c/HDOY b U F B &I L TV D FEHRENH 2 DT, fhEH
[f1% 863, 200t-c/4-+9,880t-c/H =87 Hffl& 7% (Rajburi #LHE T30 2003 FIHEIC
X5 &, 95 HRECHLEE L 7= Cane f1X 938, 675t—c/HTh-72) |

» Rajburi SUHE T BEEE 2 B LOMW LD S A A~ ZFEFT 2 HxT 5,

- BRAHSAEIE Rajburi FODOKBEEATHD Z E2EBEB L, "A T7—CHHATHIRKADSE
13 E ) 33barG, R 425°C £ 9%,

< BT SMW, AZRIIX 6MW (R T5%) % EGAT (278 d %, 7272 L. HEE, HLHIT 24 FF
[l 6MW DFEZIT O, ZHUIKMOBATENMENZ L 2FE L, FHNITITEMIE
TONEEAFETHEHMELEZLDOTH S,

- BUBEHA OBREHI I trash, FEREHNL T A AR T ZJEAL TS A AREEIT I,

- trash FIIZBEI L Cid, ¥ P U EMOMNKR T 2NN E HIZEB L, Mo oIk
9% trash OF|L 710%E 95, HFEEITTRAET D trash OBRBEIKILY b ¥ IR
BHE LTEILT 5,

* trash {I/—~A % T Cane ZBEMINHET HEICINER L, 855D U CTHIIE BRI A
T2,

s ARK7u T =7 MIHMIZ SPC(Special Purpose Company : Hi%l B BIS4E) 2857 L CEME
T %, SPCITHTZIZ 19 BDON—_"AZZHEAL T, BRICELHYT, ZonN—_220D
BE/IIZ 240t/ H &9 5%, 72BHAE, Rajburi TH THA L TWEN—ZAZ DHESILF
%) 120t-c/H TH D, Rajburi THMDFTA L TNDHIN—RZZ 16 BEADOETIHAET
PN FEZ 5,

+ 35 BON—ARRLZ EHWTE5E O LERIL 65%Th 5D, BifE, Rajburi 76 DEET
AL T E DMOFIA T A0%FEETH A 5 L DEIZEZHFTWVDHH, FFRIZIE AN—
ABHBATEDL L OICABELZID RS L9 RBOUEHEBILIC L2 aA ME T D
AUy bR E AT, 65%DE AT FFEL BTV 5D,

- fEAA/KIE Rajburi BUBE THEASEUK LTV D R K2 SBNEUK L, HEKIFE T8k
BINAR S %,

* Rajburi fLHE T35 ORMIGEIL L 72\,

B OBEBRIHDOTZDIC, BRO—E%E T v a— L THICHET 5 (7ra— L THITR
Tz hOAaA—T4)

« T3 —/LTH T Rajburi SBETIGOBEREEZFEE LTm¥ ) — L2 gEET D,
Rajburi HUBE T3 CHRAT 2 FERFEIL Cane @ 4.3~4.8% (Rajburi BHETH 5 DI
) THDHND 863,200t—c/4F X 4. 3%=37, 100t-m/4F (t-m (IEHEEDOER L) &T5,
AR R EIIA — I —REMETH D Tt-s/h (t—s (FHKKOEE L) LT5,
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(2) A A~ ZREFOfife R

K Y =7 FTEET D34 A~ AFE (—, BMHEET) OBREEREFIEIC OV T
FoEY Th b,

R U X EOIHERFIZIN T, Cane ZINHET 5 5L L TIEASITH Y Hto T Cane % b
T ZITEAIAT FFIEDIMCEE2. 3. 4-1D K 5 7o /—_ A& L 9 B CIUE S 5 LR &
Do AR L7z & 912, mW—_"RAZZHWINHETITET. CT OFmZ8IMr L, it TH o
FELRILNON Y ED, £DH%, Cane ITfFWTUND trash #1453 &2 F EHL- T Cane 7213 23 0F
ETDH T v 7 ITHEARAEND,

FH72 trash FFIIN—_RAZHLO 7 — R oS HINAHFEAIZR>TNDHDOT, &
DOFFCa T afRg L, trash O—FHZUEET 5, trash (TEEDOTORE ZINET S LD
WCEREFT 5, ZOLHICLTED BN trash ZEFEDIZ L, KN T v 7 TR 2 THi¥
BATICHGE T D3PI CTh 5, trash FIH 2 7 FOEEE 2 X2, 3. 4-11T7R T,

BE2.3.4-1 ~N—_ZZC L BINHE S
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N B cZ7 w7

~T v 71X N—_AZ DM
ZFE LR D Cane ZFEAATe
DETDH

trash IWEH = 57
(N—=RZZDHEITHY 1T 5
M, A EERIEE T 5)

2.3.4-1 trash IUEEFH1E

BIfE, Rajburi 23FTAH L TWAH/N—_ZAZIEYTZY) O Cane XV IV GEJ)IX120t—c/H Th
5o BUEIIRABENI6ETH DM, SPC & LTEBMTIOBED N—_ZA X ZHEAL, BFRICHE
LHFTZ Lok D, #ba (e L, trash BULEZ ST EHEICTH D, SPC BSHHRICIHEAT S
N RS DALEREE TR TIE300t—¢/ HRREEDRES & RAAA TWAD N 263 L i o He
TBAZN 0 SRRV E HFE L T240t—c/HET 5, LEDOI ST, BETIHED/ N—
2L PINERIRICEABEIT 5 & Lca. LNO&ED Cane Z T2 Z LN TE 5,

(120t—c/ H X16%H +240t-c/ H X19%H) X87H /=563, 760t—c/4*

WIZ trash OWNEEZRODIVLERH LN, ZOEIZOWTIE Kawashima et al. (2001)
DOXERZSIH L TRD D (IRAERNS) , FISCHRICIEFRS. 3. 4- 1R T X 9 e 2 A L HGHIZ H
% Khon Kaen EEHFOIF19EGIZIIT 52 N U EOE ORISR LR O EE N FEHE ST

Do
#2.3.4-1 VM UXEORREH S T & OREREER T LUK FEER
- . W EER | KA TOHM | % Cane 47-9 @
SET N B4 % N .
Moy | e (0 %) EHERILE ) | e &)
Stalk (Cane) 69. 5 29.5 235. 6 100
Top 8.2 36. 7 22.3 9.5
trash 22.2 91.0 24. 4 10. 4
- 100. 0 — 282.3 119.9

Hi# : Sugarcane Stalk as a Roughage for Dairy
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Z OFERITHEZ I, Cane INHERITKT LT trash 1310, 490354325 Z E N0 . T DK
3% (FlpEERITI%) THDH, LIn-> T, 563, 760t—c/4FED Cane NHIHAT D trash
DINEWET D&, ZORIFLLTO X 91D,

563, 760t—c/H- X 10. 4% X 70%=41, 042t—t/5 (t—t |% trash OE&E L)

LU, IUHERFICIXE R EDOEHZITH A L LTEY, Kb EEnTnd, Znbix
UL FERR TGV CINFRE DRI 72 D & b D A3, INHERFD trash 29% & A2 TeDIXHEE
IV TM L TV D &EBEX BbND, £ 2T, INHERTD Rajburi 25 TY b U ¥ ORI
WERCEE SR &K ap % FEI L 72 2. 3. 3-13 % W CUNHERF DK 3 B &2 RO Tz, FDFERE R
2.3. 4212/~

#2.3.4-2 ¥ b U U ORI L OREIERE LUK ERE

- P T
TRy 2 R UK89/2/336 K88,/92 FEfE
Cane A (%) 75. 0 68. 7 71. 9
A (%) 10. O 9. 4 9. 7
CT4L K535 (%) 85. 0 82. 2 83. 6
A (%) 5. 0 3.1 4. 1
trash K5y 3 (%) 26. 6 27. 0 26. 8
I FEER (%) 10. 0 18. 8 14. 4
L (RIREORD 71755 ) 33. 1 31. 4 32. 3

INFERRFIZ 1T trash 7207 T2<, CTRL D H HD L (EHEDOKE) P L (FREDOEE) Hunvo Lk
[CN—_RZAZZD IAEND DT, MR trash 721 ZRFIT 25 2 L1XTERY, LER-> T,
INFERED trash DKAYERIFFR2. 3. 4-21277%F CT&L, L. trash OKAyEDOINEELE & HET 5,
ZOMEIZELT O X 5172 %,

(83.6%X9. 7%+26. 8% X 4. 1%+32. 3%>X14. 4%) —+ (9. 7%+4. 1%+ 14. 4%) =49%

T X INERF D KA HRITA% L HoATe Z N TE A, ZAUTLHERIC L H9% T trash &
THE0. KSEELSGEATTRRETEBL, R T7—ICRATILIZEZBELTCNDZ LR
Do ZOKSREMIELT-EHEIZUUTO LI 5,

41, 042t—t/4FE (KAYEE9%) X 91%-+51%=73, 200t—t/4E (AK4>ZE49%)
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(3) HBEBRBEDOKE
LOMW FRAE DS A A~ AT B 2 1B T 2 BB R FTNE L, BIORT XA —T
—REHMEIC LD &, 1.28W TH D, £/-, TAa— L THTHE SN SESL0.36M1 TH 5,
L7223 -> T, EEO8MN LISMIL. 64MW OFE S 2RI ET D L O IR 2, ZHITHER
WREN RO D L $FK2.3.4-3D K )2 B,

#£2.3.4-3 AFu Ty NREORESME

H El AT B EE i &
1. R =
(1) B
- TR MW 8. 0
- TN MW 1. 28 | A—F—&FHHE
T a— LT MW 0. 36 | A—h—itH
- ARl MW 9. 64
(2) &IH
- B MW 6. 0 B D 75%
- TN MW 1. 28 |BMEFET
« TV a— )L T MW 0. 36 |BHELFEL
- Bk MW 7. 64
(1) BfH
- MBS B t-s/h | 44. 5 |9.64MWX4.084+5.18 ([EFX L)
- T a— )L THHES t-s/h 7. 0 | A—H—ikEHHE
- PEERZRS t-s/h 8. 5 A — T — ke
- BEF t-s/h | 60. 0O
(2) &[H
- AR R t-s/h | 36. 4 |7.64MWXx4.08+5.18 ([EF=k )
- T a— )L THHES t-s/h 7. 0 |BMEFELT
- PEER AR t-s/h 8. 5 | BRMEFAL
- BEF t-s/h | 51. 9

(FE) t-s 13RKD b, t-t 1% trash © b o HE R,

RIT, PA DS EZ trash DRREECAEL T 72O OBREIHEZ KD 5,

NI ANZBT DA, I~ AT R F—OHFFEIC L UE, /ST AL trash OEELH2.3.4-4
DEITREINTND (IAEES) . ZhERTHEHLNRE ST, NH AL trash OEE
IZIXRZET R,

$#£2.3.4-4 NH AL trash ORBREE COREDOE (BN : MJ/kg)

B H VNS P72 DA
NI A 16. 9 18. 9 17. 9
trash 18. 38 17. 66 18. 02
trash,/ /N4 ALk — — 0. 99

Hi#fL : Analysis of Hawaii Biomass Energy Resources for Distributed

Energy Applications (University of Hawaii)
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L7235 T, LT OBREHRET Tl trash OBEZ N A L[H% L%, Rajburi 7»6 O
BRI LT, T ADEEILL, 800kcal /kg THDHD T, trash H1,800kcal/kg L35, 7
b= )V T~ DTt-s/h DFRZREEGH T, 9.64MW OENEEET H7-0OD60t-s/h DFRKE
BT trash IFLLTFO L 912705,

60t-s/hX (784.4—131) kcal/kg—+85%—+1,800kcal/kg+ (100-2.5) %=26.3t-t/h

ZT, BAETFOERITILLTO®EY Th b,

60t-s/h DB O MEARK R

784. 4kcal/kg : 32.5barG, 425COZEKR D> Z /L — (0. 5barG [&J+)
131kcal/kg cfBkOZ XL E—

85% DA TR

1, 800kcal/kg : trash O OEE

2. 5% p N R 7R OBRIZ e A D trash 5

HRENZHOWT G RIS EAR R R TH A51.9t-s/h HRDAHZ ENTXBEN, EHlIzHW
TIIARA 7 —ARRNSTWRE TH D Z LM LERS AN L DK ZIFRELE L TRD D,

51.9t-s/hX (784.4—131) kcal/kg+85%~+1, 800kcal/kg+ (100-2.5) %+ (100—3) %
=23.4t-t/h

PLED X 90z, i n o OBRENE ) b SR I NE T A2 MO H D trash f &K
W5HEF2.3.4-50 8912, FHT601t-t/H, IKHTH62t-t/H & 725 (XA DHLBIZOWN
TITIRAMERNTO®EY )

#2.3.4-5 K7V =z FRIEDTZ OO LEREE

TH H Hifr B EAE W #

1. ¥H

(1) BfH

- BB t-t/h 26. 3

- R h/ H 13. 5 |EGAT ®HIE&MELY

- B fRNEL R t-t/H 355 |26.3t-t/hXx13.5h/H
(2) &[H

- BB t-t/h 23. 4

- B h/ H 10. 5 |EGAT ®HIS&MELY

- EfETEREL t-t/H 246 |23.4t-t/hx10.5h/H
(3) A&k t-t/H 601
2. {KH

- WELPRR} B t-t/h 23. 4

- IRFFRI AR h/H 24

- BBl t-t/H 562 |23.4t-t/hXx24h/H

(1) t-t i trash ® kxR,
mmm1ﬂ BUF 59 b CUERIIEARLA ~3H T, IWHEHRTH H87THMIZ

EH212H . m H2R2HHDHDT, IREZI4H T35 &, @%_%EkﬁémﬂiuT®
Lo B,
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601t-t/H X73 H+562t-t/H X14 H =51, 741t-t

—J5, WEET 2 trash OREIIRRD K 512, 73,200t-t THDH0 D, 51, T41t-t L D%,
21,459t-t IFA b 7§52 &b, WEESC trash ZIEAT H &, AENRICAEID
L DET)T trash OBE BT LEZZ BN D, trash ODHEE 0.2 LT5& A by T5
trash OFFEIILLFO L S 12725,

21, 459t-t 0. 2t-t/m*=107, 295m’

CORRMNBA Ny 7Y —FELTIE, # 120mX180mX5m (&) FRENSME LD 2
ERDDND, TOA RNy 7 ST trash THRETE 2 WM 1 BEMOEERED 601t-t/H X
6 H+562t—t/H =4, 168t—t/B T 575 5. 15 WE, B TIIR 36 AfE BRELHZ LN T
X5, IR 4 HTHHr0T, PEEAIT4 BfITH D,

EGAT ~D5e&ElE 330 HEZFHE L TWAH DT, £V 207 HIZTA AR AL TitEE
S TAC R

T A ANAT OBEIT Rajburi 725 OIERICE D & 3, 440kcal/kg THDHD T, TA ANR
7 @ trash (33 2 BEIIILL T DO L 512725,

3, 440kcal/kg—+1, 800kcal/kg=1.911
L7=Mo T, trash ORFFEELE LTDOT A AR LEEIILLTO X 512725,

R 601t-t/H+1.911=314t-h/H (t-hIZT A ANA T DEE V)
AKH :562t—t/H+1.911=294t-h/H

F7-. 207 HEICRBIT 2 HIEX 30 H, YSiIBBHIZTHTHLDOT, /KBEIZ 37 H, ¥EHIX 170
HERB, ZOFEODTFTAANATDOEIZLLTFED X 51285,

314t-h/H X170 H +294t-h/H X 37 H =64, 258t-h/4E (9 64, 300t—-h/4)

UbZFE Lo LHE2.3.4-601L 5125,

#2.3.46 ATzl FEEHFTOT-ODORESRMN—E R

5 H = Xfva A EE ([
1. Cane IV & t—c /4 | 863,200 | iEZE 5 EDFHINE
E+ _ 1] Mg e
o B 0 g7 I F# &+ 9, 880t—cane/ H (il T4

D HYK7= 0 D Cane JLERE)

3. A A~ AEE
(1) trash (FE(CHLHE) t—t,/ 4| 73,200
(2) T4 AR (FERL

N—RZHZT 35 BTINE Bk &
D 19 B

t-h 4 | 64,300 | BEAZEITAE

BEH)
. EGAT DE LM (35 HEDEHA
4. PEA ~D752E 330 w A
TEEAK H /% WA BCE R D) LY
5. T TEAESER | t-s/h o | BEBEE BT 37,100t/ 4 (Cane O

4.3%) ZEAGE
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(4) BfHoOsEMaxE
AR DREH R LB 2 O TRIFRGT 21T o T2 b OO E etk 2 LU ICR# T 5, %
oy VAT LR E M2, 3. 421, A= — (A EEEHRASE) (2 X 2 REMRGH 2 IR B R

IBIZRT, £/, TNHLDOT TV haRET HIEEZMN2.3.4-31277, 2B

O RAE R 2 IRATE R R T,

a.

AT —

« BU5 : Water tube boiler
« BREESH X Traveling stoker with pneumatic spreader
< REMER] : trash, 74 AR T
- TEHS KGR ¢ 33barG, 425°C
C ERRZRRZRIE R 1 60t/h

R el iV

- B 2B ETED R KX

- TERRFRGSME ¢ 32. BbarG, 425°C, 46t/h
- EIKERIRESLM: 0. 1barA, 45.8°C

- AU =AAEHT A b R
- JERSH ) 1 12, 500kVA

- HHEE ¢ 6. 6kV

- JEEEL « 50Hz

7

e
~ JUEL

% PEA



EH-RHE
0.1barG 44.5t/h

| BkaE |
: 33barG
trash 425°C
26.3t/h 60t/h 44, 5t/h 8MW (55 &)
o—P| RK(5— Bhswt
| s
I KHR
e - (BREER]- - - p mr~ &N _
FHREM
7.5t/h 1.28MW
@ 0.36MW
1.5barG 7t/h y
P 7IILa—I)LIH
0.1barG 36.4t/h
| BkaE |
: 33barG
trash 425°C
23.4t/h 51.9t/h 36. 4t/h 6MW (55E)
o—p 15— ‘r{ BEh=wt
| s
| fHA
R - (EREER|- - - pEa~ &N _
HRER
7.5t/h 1.28MW

@ 0.36MW
1.5barG 7t/h y
P 7IILI—)LIH;

——> &7
- - - - > BRAR
IDF: IRULVAHT 7

2.3.4-2 FElExEHcHEoOL v 2T LK
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b5 3

M RER

fnk

_________

ot |
———.\rajburiIizE-

Mae Klong JI|

X2. 3. 4-3 e EITIE R
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(5) 7ra—LrFF ok
AK7w Y=/ FTIE Rajburi fBE T CRAT OIREEE AR LT Vv a— VDAL
T2 T ZFEEINEHRICHES L, ARe L Ca—Yoxb—va 02979 2 & &5t
LTW5, ZHUZxT D Rajburi #LORMIE 2 —Y=xb—r a3 & LTRFHTET 2
LD LT, HiAE REIEEZSETND, BEIEEOREIILLTOHEY ThH D,

863, 200t—c/4- X 4. 3%=37, 100t-m/4*

A= —OEFHT LD L 5. 7Tt-m/h OBEFFE % JFENZ LT 1. 5barG, 110°CDO &% % Tt-s/h
AL, 0.36MW DEHEEHTHZ LIk, Ta—nZ2BlETL 2 LN TE 5,

RKIaY =7 hTILZDORZMIEE TTH D, BEHEE)NS TV a— )L 2 BEET D52 DL
TIZFed,

a. ATAVERTRR

FEREE AR L. A% orBE - BT D,
b. FEEELE

AL SN 7- R TR 2 8 L. 7 a— UREESE 5, R 30°CTITUV,
PERE U 72RO Bl U C 24~48 BEMCHREENTE T3 5,
c. ARHEIRE

HEINT-bAHITAB IRE~EL, AEBICTHERI, 87 ra—re LTh
s o,
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2.4 7uP =/ O, FEhiAH
2.4.1 7aY =7 hOER
AK7nYx 7 FOEBIILLTOBEY Th D,
- IHERFIZ N—_ 2 X ToHBff S 72 trash ZFaX B EINIERT 5,
- FERPENIL T A AN 7 BRER TG DI L, Brak BT EM T 5,
CINDOREVE D T vy TEEE T L, RA T —REHZ LT 60t/h OEREA
PFEL . 9.64MW DA A~ AREZIT 9,
< 9.64MW D5 B, MW % EGAT 27T 2 (KK TMKRHIZEHORRK O 75%Th 5
MW 52T %) .
< 60t/h DEKDH B, Tt/h 7 /v a— )L TGS 5,

A= BE N — Cane
JTY P BUEETY et

i FE | MW i
FhoRe o — | [trash o] Twa | zg;’;] ;
i ak S 7= 0.64MI /1. 28WW !
54 ZNA i i
| T LA A &) |
i 7t/h 0. 36MW i
""""""" Fuves g ¢ v
TIva—)L T

X 2.4-1 v = r EEK
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2.4.2 =y NEMAKH
YN M= B/ N e <Y T RPSX N

ZHhX 2. 4-2 |\ ZRT,

==
Cane 5 &

Rajburi Sk T35 y b U R
N — X A
7S h JEE & L T
i = b IN— A tras yS
BRI 54540 i || isepereit
77/]/:‘_‘/1/1:3[}'57 % ﬁ%ﬁr‘f\ﬁ@fl&)@ ‘gé’ j:mj’ %jjt/&\%t
wE | BBIARSE spo) | EHTER | (pEa, EoAT)
o PROBF R . S8 B E E
ﬁ %ﬁ 3/%»&/%%%
N (Kk) PEERR A BB
Lt A el
IV 7 — T et
7T M A—H— B s &4t

X 2.4-2 Favxr NEKEHIK
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2.5 EfpAF Y 2—)b
K72l NOEHEAY Y 2 —NVEREEK2.5-1 TR,

#2.5-1

Ehi A Y 2 —VHF (F)

m o H

>~

2004 4FJE

2005 A

2006 =i

2007 4

a)

FEANFRA - TR

b)

Pemha e r

c)

PDD DFER

d)

# ot

e)

Hesa L

f)

RERR - ks - PEAT

g)

- R

h)

ENSELR

i)

T=H )T

() PDD: Yy = 7 k

e
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2.6 E4EtHE
2.6.1 FTEE K
(1) #&fm#
AK7u vz FOFMEIZET 2 A= — (HEBEBEERASHE) O RBEEZRTERRITR
T ZONFUILLTO@EY TH 5,

#2.6-1 FXfHEICBIT D A — 7 — AR (BN : mHM)
IH H & #H i =
1. BAF— 900 |EP, fiAkEE, M THEET
2. H—t ., FEHK 400 |avysoY— =T 7407 —TF—5F
3. AT 310
4. trash {RE AT 700 AR E e
5. frraxi 190 | Bk - PR, BZ. v o= = \av)ar-n
6. HidRE 400 |MEERET
7. LR 40 | hZUR, KRR, XERTE
8. WiEE 30
9. F ot 910 |EtE, EHE
& & 3, 880

() PEA ([ LAuX, TEERLEFICOWVWTIEHRESNKN ETTHE L7259, (FROTZHOD
= IVIBEFEO S DOEFIHATEX AD T, 700,000Baht/km TTXAFEAH, | LD LT
oD T, 700, 000Baht/kmX 5km X 2. 81 /Baht=#J105 S & & ELCTW\3,

LinL, A=W —RBHET IRR (NEFIRER) 2RE D Lo ARV T,
KTzl MIBTTOHEEMEL, 3A MUY LEBBREZRET 5, /3 4~ 2%
ERMOMEZ 0 TH/KN THDHZ & bBM L, EEREF AL ATL T AR O 3L
X AR D BEORMEREEITR. 62" T Mg A EN T 5, ek, trash REITHES L
L3 D72, trash (REGFTORIGEITHIET 5,

#2.6-2 BXIHEICEAT 5 A —h— RAEH (A7 - 5 M)

e H REEESE (M) | BIEEE (%) |AlEEZOMmiE (55 H)
1. ™A T— 900 30 630
2. X—br FEHK 400 30 280
3. aU_TH 310 30 217
4. trash fRELHT 700 100 0
5. Il 190 30 133
6. BiHnAELERE: 400 30 280
7. DEEEAR R 40 30 28
8. Wikt 30 30 21
9. Z0fth 910 100 0

& BF 3, 880 — 1, 589

Fo. 1I9BDON—_AZEEABITOWTITLL T O%EZ RiATe,
25E7/H X 19H = 4757 7 H
300t/ H @ Cane ZABLTE L K N—_ZHZ X —F— L L TIIA—A K F U7 O AUSTOFT 73
BALTHDLN, FRLIBRE, A=A T VT 00T 7PNV E B L T DR TH Y,
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RS IZOWTIIARBHTH D, Wk, BARTHEA L TWZEEME CIZsem T H/BRETH
ST, BRPRFTIRLMZOND LD L TH D,

(2) A%
AR/ "I SPC 5% . LT Rajburi St & 3B CIEEE B AZITHOFHE TH 5,
LR O N % FiiATe,

R =2. 0 T H/HX1IA = 2.08/4H
V=T =100 TM/AEX2A = 2.0HH
et =] =0.3E HH/HFEX6AX3PF= 5.45 5 H
FHEBE =0.3HTH/4EX2A = 0.684H

AF 10 HAFH

(3) trash IN&EE
trash OEIN—_ZZIZHEBE L2 T F 280 L THBICET 2 FRTHH7-0
EZEA~OHI= AT NS D LB X T, R DA% trash lEARE & LT LT 5, ik
EHIIKDENPANATALIZIERCTH D Z ST ADHERRE Tdh H60Baht/t (Rajburi £
DB OER) ERET D,

(4) A4 AR BEAE

T A ANATZIZOWTIHHAE, 800~900Baht/t LW o ZEETHRY 5l & S TWVDHA, A
T AR T HEEIL. 9N CREME AR ET D &, /3T AH3200Baht/t THDHZ &b
400Baht/t FREEDN Y722k & B2 b D, BUEITHIBIEEFIT L 2 FHEEZ OIRPLA Sk L
TS @R L TV A2, RN — X F T ARMEKICE L EL b D EEZ NS,

AADTAAINMHEROERE LTS NERAIZIZS00Baht/t (ZIZEHE L O TIX AW E
TR A, ZA TSR TEINTWD O T, BifEIX800~900Baht/t TLNIEATE 2N &
EOE L&/, | LORMTH o7, FEBE. AFRA ARG L 72 14EF112132400Baht/t THY
Bl ENTWEEENDH D, LTEBoT, K7yl hTORE L L CIIREMICRY L&
2 AL, FFRMIZE B E L TH A H400Baht/t 28T 5,

B, XA RTICBITDRMNOKAFER E T A ANAT B, AR THEE#2. 6-31T77,
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+2.6-3

WHIDKAEPER & T A AN 7 8, R TS

a). CROP : RICE (PADDY)
b). RESIDUE : RICE (PADDY) HUSK Year 1995
I Province Crap Production Potential Residue Praduction Total No. Aggregate Remark
({tons/year} a} (tons/year) b) of Relevant Mills | Milling Capacity
(tons/year)

1)North East Region
Uben Ratchathani + Amnatcharcen 985,000 227,000 1,869 527 |1, Crop production and no.
Surin 764,000 176,000 1.647 464 |of rice mills are based an
Nakhan Ratchasima 689,000 168,000 2,301 299 |Agricultural Statistics of
Udan Thani+ Nongbualampoo 679,000 156,000 1,669 . 407 |Thailand Crop Year 1995/98
Buri Ram 656,000 151,000 2,29% 285 |published by Office of
Si Sa Ket 650,000 160,000 2,396 271 {Agricultural Economics.
Roi £t 614,000 141,000 1,692 363
Sakon Nakhaon 416,000 96,000 1,440 289
Khon Kaen 400,000 92,000 1,396 287 |2. Residue was estimated
Kalasin 369,060 85,000 1,019 362 jusing a factor of 23% of
Maha Satakham 341,000 78,000 1,567 219 |paddy production {figures
Chaiyaphum 310,000 71.000 1,284 241 jwere rounded).
Nong Khaj 266,000 61,000 800 333
Yasothon 240,000 55,000 558 430
Nakhan Phanom 234,000 54,000 2,165 108 |3.Milling capacity was
Loei 161,000 37,000 763 211 |estimated based on the
Mukdahan 108,000 25,000 33 3,273 |assumption paddy
Armnat Charaen raduction in a province
Nong Bua Lam Phu was ali milled i.e. the
Sub-tatal 7,882,000 1.813,000 24,888 8,389 [paddy production divided
2) Northern Region by no. of mills,
Nakhon Sawan - 835,000 192,000 584 1,406
Phichit - 688,000 158,000 739 931
Kamphaeng Phet 665,000 153,000 236 2,247
Phit lok 655,000 151,000 720 910
Phetchabun 520,000 120,000 619 840
Chiang Rai 462,000 106,000 1,864 248
Sukhothai 307,000 71,000 539 570
Chiang Mai 282,000 65,000 887 318
Utaradit 243,000 56,000 698 348
Phayao 212,000 49,000 111 1.910
Lampang 210,000 48,000 1,064 197
Uthai Thani 170,000 39,000 255 667
Phrae 104,000 24,000 570 182
Tak 4,000 21,000 260 350
Nan
Mag Hong Son
Lamphun
Sub-total 5,444,000 1,253,000 9,216 11,123
3) Central Region
Suphan Buri 1,056,000 243,000 341 3,097
Chai Nat 701,000 161,000 377 1,859
Chachoangsao 581,000 136,000 351 1,684
Nakhon Pathom 538,000 124,000 273 1,871
Ayutthaya 508,000 117,000 235 2,166
Pathum Thani 427,000 98,000 125 3.416
Ratchaburi 423,000 97,000 260 1,627
Kanchanaburi 395,000 91,000 199 1,985
Prachin Buri + Sakosw 380.000 87,000 3885 987
|Lop Buri 346,000 80,000 218 -1,580
Nakhon Nayok 332,000 76,000 88 3,773
Sing Buri . 297,000 68,000 131 2,267
Ang Thong 210,000 48,000 116 1,810
Nonthaburi 194,000 45,000 73 2,668
Phetchaburi 180,000 44,000 446 426
|Saraburi 178,000 41,000 222 806
Bangkok 111,000 26.000 122 910
Trat §
Chanthaburt
Prachuap Khiri Khan
Rayong
Samut Prakarmn
|Samut Sakhon
Samut Songkhiram
Chon Buri
Subtotal 6,879,000 1,582,000 3,963 33.021
4 )Southern Region
Nakhon Sri Thammarat 284,000 65,000 1,290 220
Phatthalung 155,000 36,000 643 241
'Songkhia 127,000 29,000 514 247
{Suratthani
(Patiani
Narathiwat
[Yala
Trang
{Ranong
Satun _
Phangnga
Phuket —
Sub-total 566,000 130,000 2,447 708

Total 20,771,000 4,778,000 40,514 53,222
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(6) T=4V 7%, HirEH
CODM v vz b LTEBT DD, T=XVY v 7RE LIEEESHKE (DOE:
Designated Operational Entity) (X DE=%V 7 @EEOHIEENZ EbE CEFEIHE N
Mz fiATe,

(6) SPCIEEE
SPC &t & LTOEERE (B - INHREHEEH, FEIMESEH,. SFtEaEEH. AE L
BReE) L LC20ETHE RiATe, ZHUTITHEBE DO AMEEILE 720,

UL E ORI RO DREIICOWT, KT BV x sk FEHEO 72 I A6 B R TR T U5
TR ENE & #2. 6-4R" T,

#2.6-4 EOERRPEE & FRERDCRFIT R EN AL

T H & A i

1. NE#E 10E M
2. trash A% 128HH 60Baht/t X 73, 200t/4E X 2. 81 /Baht
3. TA AN EANE 72HH 400Baht/t X 64, 300t/4F X 2. 81 /Baht
4. FRIEMERRE 20/ H
5. ax{iBAtRIEAE B 10HHFH

) 15. 81Baht/t X 15t/h X 24h X 330 H X
6. TEHKEANE 5ALH 2. 81 /Baht
7. fEANTHIAR 8. 4HHH 12019 /m2 X 70, 000m?
8. E=XV Tk 3AIH
9. SPC & # 20/ H
10. & A H] 5 % R
11. FEIRER (EARE) 30%
12. BRI 14. 2% TE B, FRAFMERL0% E C
13. MR pEE AL 54 | ERREN
14, ZEERFHK 14 | @ &F)EHE A
15. BEFHERDOEREEIA 30%
16. {8 A& ik A | REFEAMREZRBR U F TG

87



2.6.2 LA
(1) EGAT 22 DFEFEEINA
KT Y=y b THELENLEGAT IZFEET 20, T DOFEEMEIZDOVTIL EGAT DFE
FHICHAEROTH S S D (TEERIZH) | i%{ﬁ% TRRIFHIRN IR U oy L 38 T &
ICRE ST b OO TR SN TN D, A AV AREOLRE, TOFHERIIUTOEY
Thd,

Ff L — b (Baht/kW /H) =CPyx [0.8X (Baht/ US§L— K /38) +0.20 ]
=400% [0. 8% (39,/38) +0. 20 ]
=408. 42Baht/kW/H

(FEBILKIN 20 4EHB 25 ELL T DBE . CPylE 400Baht/kW/ A & EH STV D, )

« TRILF—FF L — | (Baht/kWh)
=1.49+ (CRIRAT A Bl —151. 4518) X8600X 10°
=1.49+ (158.6192—151.4518) X8600X10°
=1. 552Baht/kWh
(RIRHT A HA1£20034-10 H ~12H D3 4 H 1 T158. 6192Baht/millionBtu Toh -7z, )

AR7vY =27 hTO PEA ~OFEBEREIILLTFO X H 12722 (330 OEELIFMF o AREIX47H,
PERBIZIBSHTH D) o
E-H : (8MWX13.5h/H +6MWX10.5h/H) X (330—47—13) H =46, 170MWh
KB : (6MWX24h/H) X (47+13) H = 8, 640MWh
At 54, 810MWh
L7eno> T, BENATLLTFO L IICHETE 5,
ARG 4y« 408. 42Baht/kW/ ] X 8MW X 124 J = 39, 208Baht/4F
WREHHS 4y ¢ 1. 552Baht/kWh X 54, 810MWh/4E = 85, 065Baht/4F
A7 124, 273Baht/4E
2.81M/Baht Z AWV CZNEZMICHET D L, 349 M ERD,

(2) Ta—L TS DFEBRA
TN A=V THTIETt-s/h OFKRZ MW T, 5. 7t-m/h (tm [ ZFEFEED ~ 5) DOFEFEE )
LT X ) —)VEAEETHEE TH D, Rajburi B T CTRAT HFEREEIT Cane D4.3% &

% &OPARIURS63, 200t—c/HETIILL FO L S IZAMb 5 Z LN TE %,

863, 200t—c/4F X 4. 3% =37, 100t-m/4F
37, 100t-n/FEOEANIT 5 BEITILL T D XL S I12 D,
37, 100t—m/4E 5. Tt-m/h~+24h=271H
L7eh> T, SPCIB TV a—/L TH~D5EEIC X HINANITZLL T DO X 9 IZ/IAD %,

0. 36MW X 24h/ H X271 H =2, 341MWh
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—F, TAa— L TH~OFREIZOWVTHAENRO EGAT ~DOEEHMEZ#EH T2 HD LT 5,
BANTEE S 7 0 O AT IE349E 7 [ =54, 810MWh=6. 4[] /kWWh TohHH DT, T/ a— L THENG
DRBRANFILLTO X 912705,

6. 4F9/kWh X2, 341MWh=15% /7 M

(3) "—_2RHZDL o Z VA
Rajburi 775 DEHRIZ L D &, 120t—c/H D Cane ZMBHZ LN TEXHN—R_RZAZDL )L
#13650Baht/h & WO BRESNTND EDZ ETHD, SPC WHBICEEAT S H DI
240t-c/HOMY LY & FIAALTWDH DT, L X A% H1,300Baht/h ERET D, Lo
T N—_R2RZZE DLV Z VAL D X 51272 5,

1, 300Baht/h X 7h/ H X 87 H X 1913 X 2. 81} /Baht =42, 269 T-[1 /4

(4) FA ANRT OBRBEIRIUA
ATV NTHREIE LTHEBEILTWD TA ANATZITEF V) IREENLTND Z &D
5. ﬁ%?—?%ﬁé@k%®mﬁ#%¢@vj3/Eﬂkbfﬁmfﬁﬂf%ék®%ﬁ
151z, ZOMIITIK DRI S L DAY, US$300/t THV BI&E SN TWAHEMMNHHZ 5 T
%éo%L\$7mvi&hfﬁ%¢5M3mt@?4xAx7®K%%ﬁ@ﬁ<\+ﬁﬁy
UBaE/iTRY, US$300/t TRAITE L &FUE, ZDORNTILLTD X H12725,

US$300/t X 64, 300t X 19% X 1093 /US$ =399 &5 /5 4
(T A ANA TR 2R OEE1319%: WsFHE £H22)

LU, T4 ANAT OIEALIZONTITIHE L THE 5T, 400Baht/t THEAN TX AF KT
DT A ANAYT DIRTIZOWTHEBTEET 2 Z LIETERNED, ZOIRAIZHOWNTIE
BALRWI LT 5,

Uk X, 94 ANARTDRFBHZRI AT 27 F TORAIEER2. 64D L 51275,
#2.6-4 A7V hTONA—EFR

TH H & F i =

1. EGAT 25 D78 | 34 9H M
2. TIa— )L TN
3. Ta— L ITENnE 500Baht/t X 7t/hX24h X271 H X 2. 81H
DHLIRFEN 648 H | /pany
4., NN—_RZAZDOL X
SR 4 2H77H

i 4708HTM
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2.6.3 BEIHENIE
AK7al 7 R TA7-DICNERESEDINNIEARE T, D 70%IEE CENLENH
ETHLAEOEEHFERZIX2. 6-11T7RT,

I ————————— —
|
: Rajburi Sugar | 1 g B
1 | Co. Ltd. I 10% 20%
1 : » SPC ————— HERBE¥EILV—T
: \ FEER
Vo osqgEg | R
|
e e e e e e e - L ,
Al WG Ehi
10% MR B
R ’ > 100% 60% [EI B I 6R1T
A ¥ —
ERM#ITE

2.6-1 A7mPxr NOBEHETER

2.6.4 NEESEFIHT 556 0 EIROE M
ERF R AR < & 2 EEEW /14817 (JBIC) OENBME CTHL V7 IA4 ¥ —X 71Ty
N EHEET 5,
ODA & RL7eEN D X5 & RIIFH L2, £7o, CM Ymy =2 h& LTORRE X
A BUFIZ RO DR, D Z & ZFEWT 55H (HARBIF» S DOFH) 2 AFT 5,

2.6.5 EaFHED L
X2, 6-1ITR LB ETHZEDO R LICOWTIRELEREATH D, T4 ANA T O
MBEBIRLVVICEBE WS, RMEFRICHANR e =7 M2 %R L, SPC &AL
THTETHD, TORBEZIE, Hropr¥— -« FEERITRAGPHEE (BEEEL) CREY
OB EHFELREFICANDL LD LT3,
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2.7 =XV > 7EHHE
2.7.1 =2V T DKL
RENRT AP EDOE=2 Y » ZHEOELIILLTOEY TH D,
D Z7vyy MIBNICB T 2707 MERNORIRENRET ZAOFHH] « FEARIC 2272
BT — 2 2L LR FT 52 &
2) Z7L¥y MIBNIZBIT 270y =7 MERAON—R T A VR EICLE 72 4R
2L LIRGFETDHZ L
3 7 LYy MIMWNIZ Y v Y =7 NERANTAE U RIRENE T AOPEHEINTH > T,
Iunvx/ FERRBFROH LD (TRDOLY —r—) IZBlT LT — ¥ 2 WERFT
HT Lk
4) BREEFCESHTER L ORI 2R A UL LIRS 25 2 &

EIETHAT AN, AT BV xs MBS T 5/ M 7u =7 hOX A7 1.D OHE
IZ& DL, BERESLAAS A~ ZREMEHE ((LABE L ORBEREBEDOER) KR4
DTVl MIEDLLE=L ) VIR BHEA Lo TNDZEND, 22 THRA 7 —KH)
I D ARBIREHE R0/ A A~ ZPREHEI A O IR EHE H 722 & O RERY 15 B) 2> b O GHG B
HEIZE=Z UL VOB L LAY, $7-. Vb —VOF=F ) o VRS ERr— A (B
DREBHMGOBIICL 270V =7 b)) ITEE LRV, LT, £=2Y 7 OXREA 251%
T2 (GEIMNITIUE - RIFTR&ET—4) |

B
WA= =X EEEFHA (RRAFIEER L)
i H Fidx
EGAT~D5E &
WA —Z—IC X0 EEGH GRIfEETER, SitT—%)
i H Fidx
i IEEAR
BT LT ORE Rk A fisk (FRIFIEERRCER. 2655 038
4RI
e A AR BEAS B R R T
RERIGGEPTERER 2 fead (R EZERCEk)
4IRS
% TR R ik BE I v A K S D K A
A—Z— TR EHEH GRIMEGER, SET—4)
i H AR5
< Ofth
B (BRELVE, EAES) CEEBCRO#E)N GLYBNERN) REABEMAE L, iL#kT D,
FTo, HBHE D OEFELZZITT 5,

T
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2.7.2 =4V 7 ONEEH
INHDE=Z Y T T — 2 EMFIFTIE - (RAFT D720 ORI & &HI 52 CE L,
1S09000 3 U — XE D MEE R FIEIC L 0 . FHE, FT, MR, BIEORRUE Y 1 7 1
KVEMT 2, SPCIZBITHE=42 Y » ZIEB O/ & 0 HE A X2, T-URT,

e AR
CEO
S B
CEO fifife
R AR
Hfiif ipgiiEete
Rl Rl
“PEA ~D5EE & - BE B D e i
-FEBOR, ALIEER - BREE B VE D BT IR
| |
BB & BeAfrin & R R
General Affairs Engineering Public Affairs
I EIKEIK A & AR R R S - Hi A2 s B O LSS
Bt BB AAT G Y A6 Y IHRE
=S Y THEEER x5 PR BN & O
FuYx s FMEH R REMES. RHRIEE

X 2.7-1 &=V > 7{EINIRT DMk & BElorH
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FEIE FuT=s OFE

3.1 R—=RAF A4 O

S5 7IRICDMEE S5 4 (200341 A BAE) 1238\ C/NBIECDM (Small-Scale CDM: SSC) O7m =7 Rk
FH# (PDD) & FLTIERICE T DA T4 22 “first living version” & L CEIRE N7,
THUCEDE, 2V R —a VAT AAVPNBECMOEMIEEZ AT 572 0I2i%, T XTOE
BOZXNLF—=T 7 7y MIOWTENS DEFFBAMN e ZHE X TIER B2, ST
D, RCMT B =7 OB, —RAA 7 —DERKHIIZ60t/hTH Y, ZEXlkg/h=0. TkW CTHH
T5 & TAUTHIA2MN (K45MW) (ZHHM T D LD, a—Y R b —va VERHEA=ICE L T3/
HUBCDMIEE) & L CORMESRMEZTHZ L T\ 5,

7, A=/ ) BAU (business as usual : iBH OFEE) Tz & GENMATH S
ZL) oBEmE LT, EBo/HBE COM A RT7 4 Offgk B OIRAT A (Attachment A to
Appendix B) IZHIE SNAFEDONY T (MEFELOEBRLGIT TNDHLEEXLNLHEE) ©)
B, ARl LB EEDAY T (investment barrier) WS T 5D EEZ L, T7obb, “Yi%
IuYxl MEENCRET S, HE LRV IO EmMUERYS, KV ZOGH A AT S
Temb L\ =R AR v Y= 7 MEBNTZY T 5, ZOWRIME LT, LFOENET 5,

@ M Fuy=2 b TIERVEFE OFEE (CER BEICLDINARL) ZE LEEA, %Bikd
%3.3 (MARMEELER) 12X 2 & YREFEONEMAERIT4. 98% e PRI, FHEY A7 21E9
BT A OB BREITH 10D EERRETH 2 FHENEIEO R R EXHICATH
IRR (X10%Lh F) 2 R& < FHERI-TWS, LER-T, “YiE7u vz MEBICRET D,
B X0 EEOENUBER” IR A FEICIZIWS S THIETHTH A 9,

@ FANEZAIZBIT2EMERE (BT SHSEPICL DT 7 1FA7) OFIEY 23I6%TH 5
TEEMETDE, HEENOATRY K< EE Y 27 OEWS A HORMEMIL, IRRA
FVEWAT o =27 b (BEORE) A7 %M49) K03 THh L,

@ HBERMFOMFHIIT—EOEHPCRHMAZET L2 2BET L, AVvv=r FOFEER
BR/NS VR RENRE L TOMDIZRITELETHA S,

U EDOEBEZENG, b X D trash ZEIGER L T A 4~ 2RELE LTRIRT 2 A7 1
Yx 7 MIxtL, LRl CTREMEPMELARE (AR, T —EBLeE) ZFIHT D IPP
FHEN BWELELVENMEOBNMER LEZLN, TOLI B LTI ADOFTIELD £L<
DO GHG PEHZAE L Db D & FRES D,

ZOXHT, A MEHIZBW AT B Y 27 FOEBEY T TCNDEEZLND N T ORI
HATHY, ZOZLIZEIVART Y =7 MI/NEELCM & L TOREEHEZATLIHDLEZXD,

INBBE COM R TIHH S R—A T A v BI T =4V v 7 hEmRDFIHTE 5, A/ coM 7
07 NI, NEBE M o7 Y= "2 A7 1D (ZV v FROEATRESERE) CHES
o, FElBEGRIG 7Y v RICBEMS ST 2 BIBBRERE E 72137 « —BVBREL 2RI 5 >
AT APPSO HEDET THEREINTWD DT TIE RN Enb, A RT7A4 R EINTZLLTF O
SO G R—AT A OO TNNEEHATE S,
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FRA R —F 4 v T —V b BN R — U O E
BAIRODIEE S v 7 AOMENLHEH &

3. 1.1 Yuv=7 MEBIZI T 5 BEDIREE S A PRI

3.

3.

1.

1.

¢7mylab%%m¢5% fEIG L, BLAE ORajburi fBE TGN Ok L O D JE0

DZEH (FEH) Mo b, LEERosT, EMLLTEBHFOa—Y o b—2 a VRIENL O
COBEHRCTo DN D D A L T AP 72 L, KT vy = 7 MEBICE L CHUR R CTHRRL T
TR A OPEHIRIIAATE L7220,

2 R—=2F AV DIEE

KM T v =7 bON=ZF A & LTI /MRELCDM Z A 77 1. D IZF 1T % i H AT RE 72 fil
GRXR=2AT A4 DL, [BUROREI v 7 2A0MEFHENE] 28ETH, Thbb, H
HEPRIERE R CORMOFKE v 7 AMEFHPHE (K7 v =7 FOERERICT Y v FEIR
OME PR Z T CTofi) 22— T4 &35, BRFRTAFRRRENT — %1%
2002EDT =X THDHZ D, AREETIXIZIOT —HE2_X—2T7 4 VOFEIZHEHT 5,
B, ATl MHFLTHEATE LG N—RA T4 0055, B B4~ —
TA T =T E BN R = U OEE” H®E L WEEH T T @ Y

TR A R —TFT 4 v T—=D Nl OoNWTiE, A7 ey FREH LW E LGS
DART v Y =7 M X DU Y 5 BSBERR O K ) EIRIC X 2 AMRISIZHT L
ROV, T7obb, BlEOZ Y v FIZ X D2ARSOAMAIEHETHY | H
MUK NEREAT Y =7 NORBFEREBET D Z L IFHL TR,

L R — A2 o0 TR, B BEBEAEDEITHTORA NEO R EXMIZOWNT
GHG HEMRE DI REICER SN D ME (FfEME, — &AM, %%ﬁ)%ﬁE¢57—&
(F& LT, BEELBREHEER) *RESHENOAFTLZLITRETH S,

3 U —F—v (BEOBENNCRAET DHHELNL) Okt

APNHBECOM 7Y =7 EBENTHXA T LDOHEICLD &, ST vy =y MR
DIERME Lo 0BEE, BAT L7 — RS T 55510 #—v%ﬁ%ﬁé Lk
INTWD, KV xl MINAFYARBEOTFH T 0= b ThY, AA MEIZ
WERRX DI R 2 Blis, BAT L — AT Mébﬁwobt#of\)~ﬁ—v%%ﬁﬁé
VBT, DUF, BBETCICAY e Y27 MIERTLAREEOSH D ) —F — V12 onTH
525,

ARCM 7 ay =7 FNEBIZERNT L7 a Y=y MERINTOREDREAT APEHIZ W T,
A7v Y=y NTHEHT S trash BNERIO E 2 TIRAREIOREE L o> TV D HEEH H WV
FERITE -T2 RV, 7, TA ANRZ DO—EBIZOWTIEL, T TICAA FENTSA =

REBELE LTHEASH TS, L, A7 a vz b CTHEHT 5 ENRERG4, 300t Th

ST, XARLETRETDHIAANART EOLIWMEEITEAZT W2 b, A7 Y=y hE
JilZ ko THSRERICIEA k- L, 20 2 & PRK THEEE IS COB T e fba ikt ofti i 2
FlER T LBz LR,
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Flo. AV v FTIEHBRELE UL CEH LictrashOKEZ DO F FEEIE LTH Ry FE
MZEILT 52 &b, trashZ AL Lf:kﬂif‘@q‘lﬁ%ﬁl%%@ﬁbuﬁmﬂﬁ ITE 7, LTedi»> T
BME 2R EARICE N L= b =R (N,0) BEICKD Y —r—i3hnEE 25,

fame LT, BRRRTAY B Y =7 MIEMIC tlfé) — i —=UEn,

3. 2 IREANR T A PR HIBEN R

3. 2. 1 {E=ZN AT A PEHHITBED R AN FE LT D BT IR
K71 =7 FERMIC &V IRENR T AP HITED R DS T & 2 BARRIRILUI LT O Y
Th o,

EGAT » 7'V v NEJEMESICABREL CRIRT A A, AR E) Ik D KB ENE
ENTNDHD, N—=RA T A OIREHET APHREIL T T A,

KT Y =7 b OEME S AT MG T 2BBHT trash & T A4 ANZ T T THY |
ZHNHAA I~ ZREIORA T —REE O IRED R T AR EITEr (W—AR ==
— k7))

FRFEEO PR DOENRR—RA T A IR LTS EORT 0 Y = 7 MEBNIZL D
IR R AP AR & 72 5,

B, TN NERETEGRAT a7 MERICEE L TEHL, £2~AK7mo =7 |k

MEBEMIGT 5 Z LRI S D bD D, ﬁﬁ56%®;9&7w:—wéﬁi%®ﬁwm

HFHENIFIE LRV, L7eRo T, A7/ MEMIC K HZREDO T )V a— VAERETY;
~OEEMAGIZ iéﬁ%%%ﬁxwﬁﬁﬁﬁﬁ_owfi\Kﬁﬁ®@ﬁﬁ%kb&%o

3. 2.2 {EEZNIAT AP HlReh R &
2N R T AP HITEE R I LU T O3EA B3RO 5,

O RN—=2TFA P E
EGATEEJR PR & (20034E4 H /A% ) (General Information, EGAT Power Development
Plan, April 2003:¥RfF&HEI23) (ZHH SN 7-2002E DR E R L IREHHE BEOEHT—F % b
LT, EGATZ Y » ROFEEICO,HE RS (20024F-~— ) ZFH L72#ER, 0. 642t-C0,/MWh %
7z, HRET 2B IOGHEFIEEZRS UWRT, 72d, BPOHEMBEE (T)/kt : (KAF
BE) | RFHEHEEAL (1C/T]) | RFOMLILESEE (0.98~0.995) (i, IPCCHA R
A4 (1996F0) OF 74—/ MEZEHH LT,
A7y MK DECAT~DFERFEERIL54, SIMIhTH D Z Enb, D A& UIfH,
7230535, 188t-CO,NERBDN—2 T A VHEHE L 72D,
@ 7wvvx7 MNEHE
PR U720 . S A~ ZBREHEERIZ K H5C0, 8k IT 2 nb D &5, KTmy=r A
MF L/NECON T 1 ¥ = 7 h DX A TLDOHEIZ LD &, TBEE A A~ AR &
EARELE DIRBEREBEOLRS) 20N 04 TO7Tuy=r MIEbbE=41 v 7%t
BLER LIRS TNDLZEND, 2 ZTEHRA 7 —lBREO MREMREME 0o A~ A RkHE
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WAL D BIEREME H 72 & OFFRER 7275 B2 & OGHGHEHH B I B fE T A MBI W SRR T 5,
BEF TR AFTHIECLY L AT 0V =7 b CEEIHERY —2) O3 F~ 2Rk
TEHRIC K 5 CO,BEH T AERS, 804t-CO, L HEE =D,
® V—r—v

PRy, UV —A = L AERSMEH I e,

LEDTFT =2, OQORX—R T A4 HPEHE (35,188t-C0,) 6@ 7 vy =7 MEHE
(Fr) L@V —4r— (¥nr) 2ELBIWE, 772535, 188t-CO, N AKT Y =7 ME
B X HEBOCOPEHENRE & 725, LER->T, &7 Ly M ORPEHEIREIZLL T O
my,

7 LYy A0 O PEH I =351, 880t-CO,
7 Ly NI (T4E X 3[E]) O HEHIT & =738, 948t—C0,

3.3 AR Hhg

RIBWIART vV =7 FOFFENSGHEZZOFHET —% L L HITRT,

BB, KTVl MIOWTIHE, REHE LCTHEAT 2 74 AR 7 OBRBEIK DS Bl CreHl ¢ &
LAMREME D H D&MD, ZONEEEFD D L REERITS IBRELET LI O LM EsND, .,
T A ANA YT OEENMIFSITTFEOFETEB L 2 KL TEEL TWD72H, HEREO-HTH LB
BHEAERICAEERZ 2 EZATVD,

3.3.1 PERFIZE= (IRR)

HENKFHWENS, A M FuP=27 o IRR (104ER) 134, 98% L3t SN D, £7-.
%27 LY b (CER) OAffifEiz US$5 (=¥550) & L7=35A CTid, IRR 1X1. 15% 5H- L T6. 13% &
5,

ZEETIZ, Y FUFENHEEDIBEMFEMOFEHETIT R RIEES L OREHELE LS
Bl — AT, IRR IZZNZEN3. 5B L 6.67T%E 720, 7Yy s MEBHIKFOY hox
VINHEEOEENZ LD IRROEENIEBZE O ZOFMICNES & TSNS,

3.3.2 RERINFEL
HENWHEEELY, A7 uY 7 FAEGEBICEREIEA N L TR E FT5
THETHLZ b, BERINFEEITIFE LD,

3.3.3 AN AT A YEH AR F
A7aY =zl MEBICL Y, BAUT T U 4 & T A RERE B 1R X 2R R T A
PeHi & (41135, 188t—C0,) ZHIKTEARBEL THD, Z D4, K7 =/ FOFEMIZ X
D HERIRBE LR ICHBRCE 2 2 &1 D,
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3.2 KTV =7 bOAA A~ ZAREHERRIZ & 50 PEE BEOHETE (B51H)

HH BfE ZH
(1) ™A F~ APREHEMEE : trash 72,987 t/4F | FEBROtrashfli &

TAANRZ | 64,300 t/HF |2, 3.4

(2) FEITEBET T 100 km/f£7€  |Rajburi Sugar 7 —%

(3) 1Bl CHEE~ D trash 4 t/[A] Rajburi Sugar 7 —%#

IPCCHA RTA v K0 R
+ €0yt 1,097g/km

* CHy: 0.06g/km

* N,0: 0.031g/km

KA T w7 CO P HIFREL

1. 108 kg—CO,/k
(4) (US heavy-duty diesel truck) g~C0y/km

(5) HF-FHIEAT PR © trash 1,824, 675 km/4E[(1) + (3) x (2)

F4 2 %2 1,607,500 km/4E[(1) = (3) x (2)

FEFRICO Pl HH . trash 2,022 t=COy/4F |(5) x (4) + 1000

G4 AR | 1,782 t=CO./4F [(5) x (4) + 1000

A EHEMCOHEH & 3,804 t-C0,/4E
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33

Ver. 1.0 Rajburi Co,
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
- 470 470 470 470 470 470 470 470 470 470 470 470 470 470 470 470 470 470 470 470 470
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600 456 435 454 502 577 679 803 944 | 1004| 1253| 1420 1593| 1771| 1954| 2140| 2351 2561 2772| 2983 3104[ 3,405
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
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[RON - 030%| 130%[ 2208 311%] 3.86%  453%|  545%|  571%]  6.22%]  6.69%|  7.42%|  7.51%]  7.87%  821% 851%|  888%[  9.21%]  0.50%  9.76%| 10.00%| 10.21%
[IRR] - -11.28%| -563%| -168%|  1.18%[  3.33%]  4.98%|  6.26%|  7.28%|  809%|  8.75% 9.20%|  9.73%| 10.09%| 10.39%] 10.65%] 10.87% 11.05%
IRR -2,084 301 301 293 280 269 257 248 241 237 233 230 227 225 223 221 211 211 211 211 211 211
10% 0142 | -15
5
0.05
030
/m2/ 120
m2 70,000
1
03
IRR 10
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470
470]*
Co2 CER 0] 35188 t-CO2/ 0 /t-CO2
160
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89 |*
SPC 31 TSK 4 51
2,064 2,270
630 900 EP
280 400
350 500 SPC
28 40
280 400
21 30
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D&B D-U-N-S
COMPANY NAME
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WEB PAGE
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D&B RATING
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66-036-1353
RAJBURI SUGAR CO., LTD.

302 Silom Road

2nd Floor, Room 2B, S & A Bldg.,
Suriyawongse, Bangrak,

Bangkok 10500

Thailand
(66) (2) (2379999)
(66) (2) (2354444)

www.rajburisugar.com
contact@rajburisugar.com

CONDITION Strong

1 RECOMMEND CREDIT RANGE : THB 8,000,000 TO 12,000,000

REGISTRATION 4412/2528

START YEAR 1985

CONTROL YEAR 1985

HISTORY Clear

EMPLOYEES (Total) 220 Estimated
EXPORTS Yes

INCOME THB 923,266,133
NET WORTH (Tangible) THB 338,674,757
AUTHORIZED CAPITAL THB 200,000,000
ISSUED CAPITAL THB 100,000,000
PAID-UP CAPITAL THB 100,000,000

Soonthorn Arunanondchai
Chairman

SIC 2099-0600

: Manufactures Of Raw Sugar, White Sugar

D&B's Rating consists of 2 parts, the Financial Strength and the Composite
Appraisal/Condition. Financial Strength is an indication of the tangible net
worth (that is, the shareholder’s funds 1less any intangible assets) The
Composite Appraisal/Condition is linked to the level of risk and is an overall
evaluation of credit worthiness. It takes into account the financial condition
and several factors such as trade reference history, legal structure, management
experience and any adverse listings.



RAJBURI SUGAR CO., LTD.
D-U-N-S : 66-036-1353

RISK ASSESSMENT OF RAJBURI SUGAR CO.. LTD.

Credit Risk Index Level >>>>>> CRI 1
Credit Risk Index Level (Representing the level of credit risk)

RATING CREDIT RISK ASSESSMENT PROPOSED CREDIT LIMIT
KEY (in concerned business field)
CRI 1 | Minimal Credit can proceed with favorable terms Large amount
CRI2 Low Credit can proceed promptly Fairly large amount
CRI3 | Average Credit can proceed normally Moderate amount
CRI4 Above average Credit should proceed with monitor Small amount — periodical review
CRI 5 | Fairly High Credit should be extended under guarantee C.0.D. To small amount
CRI6 High Credit is not recommended C.0.D.
NR | Assessment not conducted Insufficient data available No recommendation

CRI serves only as a guide to assess the credit risk subject

Key Areas Score Weight Weighted Score
A. Net Profit Growth 1 12.5 0.13
B. Net Worth Growth 1 10.0 0.10
C. Working Capital Growth - 7.5 0.00
D. Sales Growth 3 5.0 0.15
E. Current Ratio 6 10.0 0.60
F. Debt Equity Ratio 4 5.0 0.20
G. Net Worth 2 5.0 0.10
H. Overdraft 1 5.0 0.05
I. Incidence of Slow Payments 2 15.0 0.30
J. Legal Structure 2 7.5 0.15
K. Public Record 1 10.0 0.10
L. Length of Operation 2 2.5 0.05
M. Principal’s Antecedents 2 5.0 0.10
Total Weight (excluding - - Score) 92.50 2.03
Total Weight Adjustment (Adjust to 100% Weight) 2.19

Plus/Minus Significant Item —

Poor liquidity indicated by deficit working capital

Subject's retained earnings exceed 50% of net worth

Net worth has increased (>10%)

CEO or 1active director has had as at 10 years experience in this industry
At least 1 Director also on board of 1 or more public companies

Directors were original proprietors/partners of the business

Length of operation exceeds 15 years

Principals could not be contacted, but info. provided by other exec.

AVERAGE CREDIT RISK SCORE 0.39
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RAJBURI SUGAR CO., LTD.
D-U-N-S 66-036-1353

CURRENT INVESTIGATION

On 10 September 2003, Miss Nongnuch Sashamula, Head of Finance, confirmed all
information in this report.

FINANCE

Comparative Figures

Date 30/11/2000 30/11/2001 30/11/2002
Fiscal Fiscal Fiscal
Current:
Assets 228,335,570 255,242,533 283,697,526
Liabilities 268,320,711 351,080,056 347,112,790
Working Capital -39,985,141 -95,837,523 -63,415,264
Other
Tangible Assets 458,144,901 567,362,926 685,012,071
Liabilities 287,234,650 287,774,850 282,922,050
Net Worth 130,925,110 183,750,553 338,674,757
Annual Sales 760,923,997 902,765,257 923,266,133
Profit After Tax 41,752,844 52,825,443 154,924,204
Inventory 43,723,886 38,140,753 33,301,512
Cash & Bank 3,126,490 383,118 1,511,729
A/Cs Receivable 178,439,750 0 1,610,150
Fixed Assets 87,721,824 279,197,655 297,437,800
A/Cs Payable 8,175,970 13,411,926 13,793,186
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RAJBURI SUGAR CO., LTD.
D-U-N-S 66-036-1353

Fiscal Balance Sheet as of 30/11/2002 (in Thai Baht)

Cash & Bank 1,511,729 Accounts Payable 13,793,186

Inventory 33,301,512 Notes Payable 147,723,800

Deposit Short Term 20,349,078 Bank Overdraft 13,196,491

Accounts Receivable 1,610,150 Other Payables / Accruals 68,589,506

Other Receivables/ Provisions 75,882,848

Accruals 223,543,778 Other Current

Prepayments 1,246,538 Liabilities 27,926,959

Other Current Assets 2,134,741  mmememm—————

——————————— TOTAL CURRENT LIAB 347,112,790

TOTAL CURRENT ASSETS 283,697,526 memmm——————

Creditors and Borrowings 282,922,050

Property, Plant &  mmmm——————

Equipment 297,437,800 TOTAL NON-CURRENT LIAB 282,922,050
TOTAL FIXED ASSETS 297,437,800

——————————— Capital 100,000,000

Retained Earnings (loss) 238,674,757

Other Investments 11,961,667 mmmemm—————

——————————— TOTAL EQUITY 338,674,757

TOTAL INVESTMENTS 21,065,272  memmmmm————
Other Assets 366,509,000
TOTAL OTHER ASSETS 366,509,000

TOTAL ASSETS 968,709,597 TOTAL LIAB & EQUITY 968,709,597



RAJBURI SUGAR CO., LTD.
D-U-N-S 66-036-1353

Profit & Loss Account

Figures in Thai Baht

Date
No. of Months

Income

Less: Cost of Sales

Gross Profit

Operating Expenses

Net Operating Profit (Loss)
before Taxation

Other Income

Less: Other Expenses

Net Profit(Loss) before Tax
Plus (Minus) Extraordinary
Items

Net Profit before Tax and
after Extraordinary Items
Income Tax002

Net Profit(Loss) after Tax

Net Profit After Tax and
Extraordinary Items

Plus (Minus) Retained
Earnings (Loss) b/f

Retained Earnings (Loss) c/f

Accounts are audited by Poonsak Chotijirawat,

30/11/2000
(12)
Fiscal

760,923,997
-554,266,092
206,657,905
-158,007,253

48,650,652
20,145,448
-26,567,767
42,228,333

-475,489
41,752,844
0
41,752,844
41,752,844

-10,827,734
30,925,110

30/11/2001
(12)
Fiscal

902,765,257
-743,771,171
158,994,086
-83,185,551

75,808,535
11,435,082
-34,827,934
52,415,683

409,760
52,825,443

0
52,825,443
52,825,443

30,925,110
83,750,553

CPA.4423.
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30/11/2002
(12)
Fiscal

923,266,133
-614,812,634
308,453,499
-85,510,185

222,943,314

6,328,703
-45,651,564
183,620,453

25,819,865
209,440,318
-54,516,114
154,924,204
154,924,204

83,750,553
238,674,757



Page 7
RAJBURI SUGAR CO., LTD.
D-U-N-S : 66-036-1353

2000 2001 2002
GROWTH TREND
Sales Growth (%) - 18.64 2.27
Net Profit Growth (%) - 26.52 193.28
SOLVENCY
Current Ratio 0.85 0.73 0.82
Quick Ratio 0.69 0.62 0.72
Total Liabilities to Net Worth Ratio (%) 424 .33 347.68 186.03
Debt Ratio (%) 80.93 77.66 65.04
Equity Ratio (%) 19.07 22.34 34.96
Debt to Asset (%) 80.93 77.66 65.04
Debt to Equity (%) 424 .33 347.68 186.03
Interest Coverage Ratio (Times) 2.59 5.47 48.65
EFFICIENCY
Account Receivable Ratio (Times) 4.26 - 573.40
Collection Period (Days) 85.59 - 0.64
Inventory Turnover in Days 28.79 18.72 19.77
Inventory Turnover (Times) 12.68 19.50 18.46
Account Payable Ratio (Times) 93.07 67.31 66.94
Sales to Inventory (Times) 17.40 23.67 27.72
Total Assets Turnovers (Times) 1.11 1.10 0.95
PROFITABILITY
Return on Sales (%) 5.49 5.85 16.78
Return on Equity (%) 31.89 28.75 45.74
Return on Asset (%) 6.08 6.42 15.99
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Rajburi Sugar Co.,Ltd.

The Best Friend of Consumers, Traders and Sugarcane Farmers

Company Profile | - Home > Sugar Canes Department > Agricultural Machineries

Message from our CEO
Awards, Recognitions
& st Agricultural Machineries [ro
Philosophy, Mission —
& Vision

Member Organizations
Directors & Executives
Bee Brand

Sugar Products

Crystal White Sugar
Refined Sugar

Molasses
Company Policies

Product Quality Policies

Agricultural Machineries

While encouraging the use of agricultural machineries to cane farmers,
Rajburi Sugar realizes that purchasing such machineries is not always
possible for farmers. Along with the company's vision of increased efficiency
and conservation of the environment, RSC has a number of tractors and
plough machines to serve our farmers. Logs and lands are cleared without
the need to set them on fire, and cane ratoons are ploughed back into the
soil, helping to increase the mineral contents in the soil, while the risk of fire

Environmental Policies is greatly reduced.
Ethical Policies

Factory Facts

Electricity

RSC also has a number of cane harvesters and cane pickers to service our
farmers for greater efficiency and cost-saving purposes. The need to burn
canes is reduced and we will continue to improve our agricultural machines
and their numbers to address our cane farmers and the industry's demands.

Sugar Canes Department

Quality Canes
Irrigation
Agricultural Machineries

Contact us
Address / Map
Sales / Purchase Enquiries
General Enquiries

:: Copyright ©2003 Rajburi Sugar Co.Ltd. All rights reserved. :: http://www.rajburisugar.com :
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Rajburi Sugar Co.,Ltd.

The Best Friend of Consumers, Traders and Sugarcane Farmers

- Home > Sugar Canes Department > Irrigation

Irrigation

With the help of the Department of Natural Resources, RSC helped our cane
farmers to reliable sources of water through digging and establishing new
artesian wells. Co-operations with the Department of Irrigation helped us
clean and improve the natural canals for greater efficiency as well as
promoting private pools for agricultural uses.

During the year 2000, together with our cane farmers project at Auphur
Suan Peung and the Department of Irrigation, Rajburi Sugar started a new
irrigation named "Norng Punchan Project” to build a new local irrigation
system and developed an efficient water management system for canes-
growing usage.

This co-operative effort, covering over 630 acres and 147 cane farmers, was
approved by the Department of Irrigation and received a funding totaled 96
million Baht from the Asian Development Bank (ADB). This project, scheduled
to be complete in 2003, is a pilot project in using pipes network for
irrigation for sugar canes in Thailand.
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Message from our CEO
Awards, Recognitions

& Milestones

&
Philosophy, Mission Quality Canes Education Project | -
& Vision
Member Organizations

Directors & Executives Rajburi Sugar (RSC) realizes that in order to provide best quality products, we need to have reliable supply of high
Bee Brand quality raw materials. This became one of our main policies as the company embarks on our unique educational
Sugar Products program to promote higher sugar canes yields and higher CCS.

Crystal White Sugar Together with Supanburi Agricultural Research Center, Zone 1 Cane and Sugar Industrial Promotion Center and
Refined Sugar Kasetsart University, Kampangsant Campus, RSC started a program to educate all of our cane farmers under the

Molasses "Financially Secured Cane Farmers Project.” Focus areas include systematic farming and harvesting planning,
increasing the use of technology and machinery to replace labor, and the use of green manure and/or organic
fertilizers instead of chemical fertilizers for better soil and environment. Started in 1997, this project was to take 5
years and cover all of our cane farmers.

Product Quality Policies
Environmental Policies
Ethical Policies

Factory Facts
Sugar Canes Department

Sﬁ;g:?;:anes 2000 The 5th to 8th groups of cane farmers, totaled 178 cane farmers, joined the program.
Agricultural Machineries
Contact us © 1999 The 3rd and 4th groups of cane farmers, totaled 72 cane farmers, joined the program.
Address / Map
Sales / Purchase Enquiries
General Enquiries 1998 The 2nd group of cane farmers, totaled 35 cane farmers, joined the program.

1997 The 1st group of cane farmers, totaled 29 cane farmers, joined the program.

Currently we are in the process of implementing the next stage of our education program. This project, named "Cane
Farmers as Businessmen Project”, aims to educate our farmers the business skills necessary for good management
practices and ensure long-term profitability in their farms. Focus areas include management planning, budget
planning and basic accounting practices.
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G

©2nd May 2003

‘ Awards, Recognitions & Milestones | o

Received the First Prize for the highest sugar yield per ton of sugar
canes in Central Thailand from the Industry Minister, Mr. Somsak
Thepsuthin.

Received the First Runner-Up Prize for the least amount of burned
sugar canes harvested in the nation from the Industry Minister, Mr.
Somsak Thepsuthin.

. 14th November 2002

16th November 2002

On 14th November 2002, RSC was awarded the First Prize for Highest
Sugar Canes Yield in Zone 7 for the 2001/2002 milling season from
the Industry Minister, Mr Somsak Thepsuthin. 2 days later, our
achievement was recognized by the Prime Minister who presented us
with another trophy for our Sugar Canes Yield achievement.

:» 3rd May 2002

RSC received HACCP (Hazard Analysis and Critical Control Point
System) certificate for food production from Management System
Certification Institute (Thailand).

:: 23rd March 2002

Received the quality management award "ISO 9001:2000" from Lloyd's
Register Quality Assurance Limited.

: 18th April 2001

Received the HALAL certificate from the Central Islamic Committee of
Thailand.

. 7th April 2001

RSC became one of the first 5 mills in Thailand to receive the
environmental certificate "ISO 14001:1996" from Lloyd's Register
Quiality Assurance Limited.

: 23rd October 2000

Received the "New Millennium Award" for foods and beverages in Paris
during the 22nd annual award ceremony.

: 11th April 2000

RSC was approved the use of industry standards symbol "TIS 56-
2533" (Thailand Industrial Standard) from the Office of Industrial
Standards, Ministry of Industries.

i 21st July 1999

RSC was among the first group of companies in Thailand to be
approved the use of "Thailand's Brand" symbol to certify the quality of
our products from the Department of Export Promotion, Ministry of
Commerce.

:» 13th March 1999

Became one of the first 10 sugar mills in Thailand to receive 1SO
9002:1994 certified for management quality from Lloyd's Register
Quality Assurance Limited.

::23rd June 1998

Received the "Health Certificate” certifying our production processes
and quality control from Department of Health Science, Ministry of
Public Health.

:: 14th December 1993

& W
o/ #

Registered the "Bee" trademark of the company's sugar products under
the Department of Intellectual Property Rights, Ministry of Commerce.

:» 17th November 1990

Received the First Runner-Up Prize for the highest sugar yield per ton
of sugar canes from the Minister of Agriculture, Mr. Chuan Leekpai and
the local cane farmers association.
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Electricity

As a result of the rapid growth in the industrial sector during the last
decade, the country could potentially face a critical power shortage.
In response, the Electricity Generating Authority of Thailand (EGAT),
along with the National Energy Advisory Board, approve the
purchase of electricity from small producers.

Crystal White Sugar
Refined Sugar

Molasses
Company Policies

Product Quality Policies
Environmental Policies
Ethical Policies

Factory Facts

Electricity

Rajburi Sugar is proud to be one of EGAT's suppliers from 1994 to
this day.

Sugar Canes Department

Quality Canes
Irrigation
Agricultural Machineries

Contact us
Address / Map
Sales / Purchase Enquiries
General Enquiries

-
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ABSTRACT

it . Effacts of Planting Seasons on Growth, Yield znd

“ield Components of 5 Sugarcane Varieties

Surapong Sripongpankul

Segree : Master of Science (Agriculture)
M e ol Aorn ,
ajer rLeld Kgreonem

Flusorre fshoutle

(Kasem Sooksathan)

Cnairman, Thesis Adviscr

March 1989

“

ve sugarcane varieties, viz., F 140, Q 83, Supan 1,
Chainat © and © 172 were grown cn farmer's field under loamy-sand
s0il, rainfed cendizions at Tumbol Donsalab, Amphoe Phanomthuan,
Chung Wat Kanjanaturi to study the effect of planting seascns on
crowtn, yield and yield ccmoonents. Two experiments were cconducted
May 1984 and February 198€ in tne neighboring areas. Monsocn
experiment was done on May-25,'?984. Samples were taken to determine
yield, vield components and juice quality when the crop was 8, 9 anc
10 months cld. Tre final harvest was made on April 2, 1985. Post-
menscon planting was dene on January 25, 1685 to determine yield,
vield componants and Brix reading of the juice when the Crop was at
11, 12 and 12.5 months of age. The final harvest was taken on

{3 -

1086. 1In addition to yield and yield components, growth

12



parameters were also recorded. These included germination

cercentage, cumulative cane neight, number of tillers per stool and

the rate of average daily stalk elongation every month from second
wonth after planting until harvest. These data were interpreted

w.th meteorologiéél data obtained from U-Thong Agricultural
vereorological Station, the nearest station to the experimental fields.
T{ was found that cane growth, yield and yield components of each
variety were influenced by planting seasons. /The monsoon planting
canes germinated rapidly. This resulted ih high percentage of

~rmination, early establishment and rapid growth rate from emergence.

3ie}

The maximum,tiliering was observed when the crop was 3-4 months
(iugust-September) of age. When the rate of growth was taken intc
consideration, it was found that the highest daily growth rate of
1.88 centimeter per day was obtained at 4-5 montns of age after that
it decreased gradually. Within the same stool, the youhger stalks
had greater growth rate than that of the older ones. Cane tonnage
was significantly differed among varieties under study when harvested
at 10 months old. F 172 variety gave the highest yield of 12.26

tons per raii Yields of the other varieties were 1n the order of
Thainat 1 > Supan 1 > F 140 > Q@ 83 , and the actual cane yields were
1213 > 11.35 > 10.11 > 8.22 tons per ral respectively. But the cane
yield of F 172, Chainat 1 and Supan 1 were not significantly different.
vields of F 172, Chainat 1 and Supan 1 were not significantly different.

stool, stalk length and stalk diameter. But other parameters such

as stalk weight, number of internodes per stalk, and cane quality

13



were significantly differed among varieties under study.

For the post monscon planting season, it was observed that
7 ‘
~f shoot emergence was considerably slow. This resulted 1in

e rate

~entage of germination, slow growth at the beginning, after

LOW per

shat the growth Was accellerated by the amount of rainfall. The

max inun +illering was appeared in 8-9 months (August—September)
after planting. Wwhen the rate of growth in terms of stalk height
was considered, two peaks of growth were recorded. These peaks Were
cpserved at 5-6 {June-July} and 8-9 (September-@ctober) months of
age at the rate of 1.02 and 1.59 centimeter per day respectively.
The depression of growth after the first peall was mainly due o
Toisture stress. The effect was more pronounced with the older
canes ratner than the younger cnes. However, the yield of cane (tons
cer rzi) as well as sugar (tons CCS per ral) were significantly
nigher when harvested at 12 and 12.5 months of age. At the final
harvest, 12.5 months after planting, the vield of cane were in the order
of © 172 > Supan 1 > F 140 > Chainat 1 > Q 83 ; 11.96 > 11.62 >

10.91 > 10.14 > 8.49 tons per rai/' There were not significant
differences in cane yield of 172, Supan 1 and similarly no

significant differences petween F 140 and Chainat 1. The sugar

vield of these varieties were in the order of F 172 > supan 1 > F 1407
Crainat 1 > Q 83 ; 1.776 > 1.561 > 1.429 > 1.326 > 1.165 tons CCS

per rai. F 172 was significantly higher than that of other varieties

exvcent Supan 1. These growth parameters such as number of stalks per

14



ral ~-alk length and weight of green top of the varieties under
~rudy were not alfected by the nost monsoon planting season. But

he number OI stocls per rai, number of stalks per stool, number of

9]

inrernndes per stalk, stalk diameter, cane and sugar yields per rai

di fered significantly arond varieties.
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Prasert  Chatwachirawong 1993 : Yield Stability of Major Sugarcane
Cultivars in Thailand. Master of Science (Agriculture), Major Field
Agronomy, Department of Agronomy. Thesis Advisor : Mr. Udom

Poolkets. 100 pages.

Twelve data sets were compiled from yield trials of three major recommended
sugarcane cultivars conducted from 1975 to 1990 under various environments bv Office
of the Cane and Sugar Board. Ministry of Industry, and the Department of Agriculture,
Ministry of Agriculture and Cooperatives. The data were analyzed using linear
regression approach recommended by Eberhart and Russell (1963) and additive main
effects and multiplicative interaction (AMMI) model pfdbosed by Gauch (1983).
Results from the combined analysis of variance chowed that varietal effect became
increasingly more important from plant cane, first ratoon cane, and second ratoon cane.
respectively  On the contrary, environmental effect decreased progressively in the later

ratoons. Thus. improvement by selection of these characters should be done in the later

ratoon crops

Linear regression analysis of cane and sugar vield characters indicated that F140
was the stable cultivar which high vield when grown under poor environments.  The
other high yielding cultivars, U-thong 1 and Chainat 1. should be recommended in high
productivity environments.  For CCS value. U-thong 1 was a stable cultivar whereas

F140 gave a high value.

Both stabiiity methods gave the same stable cuitivar for CCS value and sugar
vield. The AMMI model can partition the major effects of principal component axis
from Var x Env interaction with the expense of minimal degrees of freedom. A biplot

technique can clearly show the response patterns of the cultivars in each environment.




ATEM—5

Somjit Srichan 1997 : The Necds on Sugarcanc Cultivation Techniques of Farmers in
Amphoe Chumpac, Changwat Khon Kaen. Master of Science (Agriculture), Major Field
Agricultural Extension, Department of Agricultural Extension and Communication.

Thesis Advisor : Associate Professor Kesince Payanun, Ph.D. 145 pages.

The objectives of this rescarch were to determine some socio-cconomic background of

farmers. their level and need of sugarcane cultivation techniques included problems and

recommendation. The investigation was made by using a sct of pretested interview schedule 10
data from sampling opinions ol 142 houscholds in 8 sclected Tambons, and
05.

obtain the

statisticallv analyzised for percentage, arithmetic means and t-test at significant level of

The survey results revealed that there were more male than female farmers. The average
age ol the respondents was 47.35 year with the family size of 5.03 persons and level of
cducation being at grade 4. Most of the respondents were small farmers, with the moderately
icvel 1 sugarcane cultivation techniques. The study indicated that most respondents expressed
high, moderate and low degree of cultivation techniques nced in 10,11 and 1 topic. respectively.
Among the first priority needs werc sugarcanc varictics, credit from commercial bank, soil
improvement. Thercfore. the rcspondcnls’ level of access to information of the respondents werc
in low degrec both from personal and mass media channel. The major problems were high cost
of chemical fertilizer. rat infestations, shortage of technological knowledge about inscct pests and
discasc. and labours. Regarding the hypothesis test, there was no differcnce in the sugarcane
level of cducation,

cultivation technigues need among those farmers who were different in age.

family capita incomes, debts, size of cultivation land, farming cxpericnce and  access 10

information.

Alternative solution suggested by the respondents were more available to dissemination
technical know-how; appropriate technology to farmers with more cfficiency, famcrs management
characteristics, system which yiclded highest return, personal virictal multiplication plot. On the

other hand, planning should be sct and makc it acquainted to farmers included the follow up

farm-visit program.

5. Syic horn t@%ﬂﬂ"/ ié__/,m;ﬂ_i‘}

Student's signature Thesis Advisor's signature
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Actions
Crop coefficients and water—use - Cited By
. + Save as Citation Alert
estimates for sugarcane based on long— . E-mail Article
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a CSIRO Division of Sustainable Ecosystems, Davies Laboratory, PMB PO, Aitkenvale 4817, Qld,
Australia
b Swaziland Sugar Association Technical Services, PO Box 367, Simunye, Swaziland

Received 16 September 2002; revised 4 February 2003; accepted 26 March 2003. ; Available
online 4 June 2003.

Abstract

Sugar industries in Australia and Swaziland rely on irrigation to a large extent (60 and
100%, respectively) to produce a viable crop. Some large irrigation schemes are vulnerable
to degradation of ground water quality and it is important to have reliable estimates of
water use in order to better calculate runoff and drainage losses from ‘sugarcane - fields.
It is also important to improve estimates of crop water use in order to improve irrigation
design parameters and scheduling. Matching water supply and demand on a daily or
weekly basis is essential for productivity and sustainability in any irrigation scheme. The
United Nations Food and Agriculture Organisation has recently produced clear guidelines
("FAQ 56') on determination of water requirements for a number of crops including
sugarcane.. Two process—-level models, APSIM and CANEGRO are being used to support
various decisions regarding the use of irrigation in ‘sugarcane.” The aims of this research
were to confirm or otherwise refine FAO 56 crop coefficients for ‘sugarcane,” to refine
simulation of water use in the APSIM—Sugarcane: model and to assess the reference
evapotranspiration (ET) procedure from the CANEGRO model now used in Swaziland for
irrigation scheduling and system design. Bowen ratio energy balance (BREB) systems
were installed in the Burdekin district, Australia and in Swaziland to determine daily ET
from well-irrigated “sugarcane’ crops. Automatic weather stations were installed within
1 km of the BREB systems in order to determine ETO according to FAO 56. Radiation
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interception and ‘biomass® accumulation were measured in the Australian experiment.
The results from the two countries provided a sound basis for confirmation of the current
FAO 56 crop coefficients for ‘sugarcane’ during initial’ (0.4) and “mid’ (1.25) growth
phases. The FAO 56 crop coefficient for the “final' stage (0.7) was not supported. Instead
a value of 1.25 is suggested for working out the water balance. However, 0.7 may be
desirable for irrigation scheduling in order to impose some stress on the crop and so
enhance sucrose content. Transpiration use efficiency for APSIM- ¢Sugarcane: was

increased from 8.0 to 8.7 g kPa kg*1 on the basis of the Australian results. The reference
ET procedure was supported equally by the new BREB measurements in Swaziland and
by the original lysimeter data but the new data indicated that systematic improvements
to the reference procedure could be made.

Author Keywords: ‘Sugarcane:; Evapotranspiration; Crop coefficients; Bowen ratio energy
balance; APSIM: CANEGRO:; Irrigation management

a
resolution of vapour pressure measurements (kPa)
b
resolution of temperature measurements (° C)
Cp
specific heat of air at constant pressure (J kg_1 K1
d
r
zero plane displacement of reference surface (m)
e
vapour pressure (kPa)
eZ
vapour pressure at height z (kPa)
E
evaporation from the soil surface (mm per day)
ETcane
sugarcane reference evapotranspiration
ETC
crop evapotranspiration (mm per day)
ET,
reference evapotranspiration (mm per day)
G
soil heat flux density (W m™2) or (MJ m ™2 per day)
H
total sensible heat flux density (W m %)
k
von Karmans' constant=0.41
KC
crop coefficient
KCend
crop coefficient at harvest
KCini
crop coefficient at start of crop growth
KCmid
crop coefficient during mid—growth period
Le
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latent heat flux

-
a
aerodynamic resistance (s m“1)
rS
canopy surface resistance (s m ")
er
net radiation at the crop surface (MJ m2 per day and W m—z)
t
transpiration (kg m ™2 per day or mm)
TZ
temperature at height z(° C)
uZ
wind speed at height z(m s~ ")
VPD
vapour pressure deficit (kPa)
w
aboveground biomass (g m %)
z
height above the ground (m)
ZOr
roughness length of reference surface (m)
3
Bowen ratio
7}
psychrometric constant (kPa ° ch
A
slope of the vapour pressure curve (kPa ° ch
L3
ratio of molecular weights of water vapour and air
A
latent heat of vaporisation of water (J kg™ ")
P

air pressure (kPa)
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Even in dry matter production, sugarcane excels over many crop plants
and ranges from 20gm~2day~! in South Africa to 44 gm~2?day ! in
Hawaii. In tropical India dry weights were 50 gm~2day™! or 182.5
Mgha=tyr~! Bull and Glasziou (1975) predicted 2. maximum cane yield of
280 Mg ha~!yr~! with maximum quantum efficiency. Moore (1989) sugges-
ted a theoretlcal maximum cane yield of 129gm~2day™' or 470
Mgha™! yr . Many farmers in the tropics have achieved a yield of
250 Mgha™! yr -1

1.5 Crop Growth Regulants and Cane/Sugar Production

Halmann (1990) stressed that the major application of these regulants is in
the sugar industry. The main groups of plant hormones are: auxins, gibberel-
lins, cytokinins, abscisins and ethylene Vlitos (1974) suggested that the
relative levels of hormones in the immature stem are:

Auxins —maximum
Gibberellins —high
Cytokinins —high

Abscisic acid (ABA)—low.

Some experiments led this author to conclude that sett treatment with
indole-3-acetic acid (IAA), indole-butyric acid (IBA), tri-iodo benzoic acid
(TIBA) and Cycocoel invariably improved germination and plant density,
and possibly also cane and sugar yield. But these are for special applications
under frost and cooler climates. Alexander (1973) reasoned that kinetin and
benzyl-adenine (BA) treatment of seed pieces augmented biomass, cane and
sugar yield by increasing the chloroplast enzyme ribulose bisphosphate
carboxylase (Rubisco). However, treatment with ethrel causes the loss of
apical dominance as evidenced by the development of side shoots, tillers,
strut roots, and lalas (water shoots). This is consistent with the finding that
cthylene stimulates peroxide activity in plant tissues leading to the destruc-

tion of auxins. The activity of ABA is pronounced in older tissues and
hastens senescence.

1.6 Crop Models

A model may be defined as a summary of a coherent body of experimental
data in a logical structure, and can be a mere hypothesis or a concept.
Models are used to predict crop yield, pest-disease incidence and, more
recently, the effect of climatic changes on crop production. There are three
types of models: empirical, me‘cé;anistic and comprehensive. Empirical mo-
d-ls have limited applications, while mechanistic and comprehensive models
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Table 5.1. Removal of nutrients from soil during sugarcane growth. (Zende 1990)

N P,O0; K Ca Mg Na SO,

Nutrient

removal
(kg1 'cane) 0.56-1.2 038-0.82 1.0-25 0.25-0.60 0.20-0.35 0.02-02 2.0-27

Table 5.2. Effect of N on growth and yield of sugarcane (cv. CO957). (Abayomi 1987)

N level Leaf Tiller number Stalk  Stalk Millable Leaf  Cane yield
(kgha™")  area 8 wecks after  length diameter caneha™' water (Mg ha™1)
(cm?) planting (cm) (cm) (10%) status

(%)
0 309.67 50.96 124.19 8.19 50.87 81.65 2584
80 351.57 58.00 131.04 8.30 53.87 8533 28.09
120 357.93 59.83 144.06 8.25 60.75 8740 22.04
160 411.25 65.67 138.17 8.07 59.54 88.65 33.78
200 401.62 70.08 13094 8.23 55.23 90.19 31.40

to yield attributes (Abayomi 1987) like stalk length, stem diameter and
number of millable canes. Nitrogen increases succulence as evidenced by a
higher leaf water status (Table 5.2).

Symptoms of N deficiency are clearly discernible. Humbert and Martin
(1955) indicated that N-deficient canes show uniform yellowing of the leaves,
retarded growth, stalks of smaller diameter, premature drying and senes-
cence of old leaves.

Sugarcane absorbs both forms of N, ie. NH, and NO,, and C, plants like
sugarcane are more efficient absorbers of available soil N than are C; plants
(Jones 1985). Under conditions of an adequate water supply, NOj 1s
absorbed more than NH,, possibly due to the greater mobility of NO;-N.
The suggestion is mooted that a constant supply of 40 ppm NO,-N in the
soil (soil log) throughout the crop cycle ensures optimum yield and quality of
cane.

5.1.1 Nitrogen Concentration and Uptake

The N concentration varies from 0.2 to 1.6% in the aerial portion of the
plant. Clements (1980} observed the highest concentration of 1.77% in the
meristem and this declines with age of the plant due to the production of
internodes which have the lowest N concentration (0.11 - 0.17%)
Nitrogen uptake is governed by two factors: N demand by the plant, and
the supply of available soil N. The availability of soil N is complicated by
environmental conditions. genotype and the stage of development. Jones
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184 Fibre and Energy Cane

A special feature of energy cane is the propensity for tillering, stool spread,
biologically active crown leaves and extended proliferation of surface and
subsurface feeder roots. |

Alexander (1985) has stressed that the ‘weed’ characteristics of energy cane
are desirable and are seen in the wild species of Saccharum, i.e. S. spontan-
eum. S. robustum and S. sinense, or in the hybrids with higher plasma content

from wild species. g . ’i |
'\ * W e oL ’~ v,

10.2.4 Agronomy of Energy Cane

Information on the agronomy of energy cane is sketchy, but for more details
the reader is referred to Alexander (1985). The issue centres around a high
plant density and N fertilization. Spacing studies undertaken by this author
have shown that the row spacings can be 0.45 to 0.60 m with a millable cane
population of over 30 m~2. High density has to be achieved through an
increased number of plants within a row. Hence, almost double the sett rate
(4500060000 three-eye-bud setts ha™') has been recommended for energy
cane compared with conventional sugarcane cultivation. Further evidence
of a higher biomass yield of cane (cv. CP65-357) grown in Florida ha_s been
presented by Gascho and Shih (1981). They obtained the highest yield of
biomass, sucrose, total sugars and fibre at a closer spacing of 0.5 m and the
values declined as inter-row spacing increased from 0.5 to 1.5 m (Table 10.8).

The authors stressed that the primary juice from stalks would, on
fermentation, yield about 100001 ethanol ha™'. A dry biomass yield of
52 Mgha ' represents a burning value of 92x10°MJha™' yr!
while nearly 25Mg fibre ha ! would yield additional energy of
44x10°MJha 'yr b

Among the nutrients, N is the most limiting factor for energy cane as the
cane responds to higher rates of N addition. Application of N is two to three

Table 10.8. Effect of row spacing on sugarcane yield and composition at harvest.
(Gascho and Shih 1981)

Parameter Spacing (m)
0.5 1.0 1.5

Fresh stalk (Mg ha™") 144 94 Y
Sucrose (Mg ha™1) 21.0 134 13.1
Fresh trash (Mg ha™!) 28 18 16
Fresh biomass (Mgha™!) 178 122 106
Dry biomass (Mg ha™!) 52 34 32
Total sugar (Mg ha™1) 26.4 16.2 152
Fibre (Mg ha™!) 23.6 15.2 14.5
Ethanol (Lha™')* 9360 6110 5850

4 Fresh stalk yield x65
Data from Riveria Sand. Florida; mean of 3 seasons, i.e. 1977-1979.
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168 Fibre and Energy Cane

tons. Assuming a 5% saving in bagasse for paper pulp, about 1.76 millicn
tons of bagasse pulp is available for paper making (Table 10.1). Atchison
(1986) has indicated that the world production of bagasse pulp is expected to
reach a level of 2 million tons. In economic terms, it will continue to lead all
other plant fibres and may represent 2-3% or more of the world pulp
production (Atchison 1976).

10.1.1 Fibre Accumulation

Fibre accumulation starts from about 3 months and continues to increase
with age. The millable cane (trash free) is made up of approximately 65.75%
water and the remaining percentage is divided between fibre and. soluble
solids (Fig. 10.1). The quantities of these components are genetically con-
trolled. The noble varieties of sugarcane are richer in water and sugar but
relatively low in fibre. On the other hand, the interspecific hybrids are higher
in both fibre and sugar. The fibre content of different parts of the cane stalk
varies considerably. The bottom portion, called the ‘butt’, contains the most
fibre and the nodal portion contains at least 2% more fibre than the
internode (Narasimhan 1957).

Physiologically, sugarcane is tailored to produce high fibre. But the lower
limit of fibre for maintenance of the plant structure is 5% while the highest
possible sugar accumulation is 27% with a minimum of 70% moisture (Bull
and Glasziou 1963). Nevertheless, the fibre content of cane is greatly

controlled by the activity of the invertase enzyme. Alexander (1973) has

suggested that the increased activity of acid invertase (Al) in S. spontaneum

|

favours fibre production, while in S. officinarum increased activity of neutral/

FIBRE
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Fig. 10.1. The composition of well-ripened sugarcane
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10.1.3 Tissue Moisture vs Fibre and Sugar

A highly significant correlation exists between moisture and fibre and
moisture and sugar. Thus, a large growing body of evidence indicates that
‘tissue moisture’ is like ‘excess baggage’, which- can be thrown out by the
plant to improve both sugar and fibre yields. Clements (1980) believes that
the sheath moisture, an index of tissue moisture, can be kept as low as
68—69%. The recent technique of ripening involves the continued build-up of
dry matter (half of which is sucrose and the other half fibre), and the
biological pathway should be chosen so as to increase sucrose and ligno-
cellulose at the expense of tissue moisture but without killing the plant.

10.1.4 Some Factors Influencing Fibre in Cane

There is tacit evidence to show that ﬁbre content increases with drought
consequent reductlon in useful fibres. It has been observed that drought-
resistant varieties have well-developed mechanical tissues surrounding the
vascular bundles and the sclerenchyma cells forming these tissues are more
lignified. A lodged cane has less fibre. It is reasonable to assume that the
lodged cane is more succulent with a higher tissue moisture and, hence,
reduced fibre and sugar contents. Among cultural practices, row spacmg has
a profound influence on biomass and fibre yields. A narrower spacing of
(i)S m tends to y1e1d more blomass and fibre than a w1der spacing of 1.0 or
5m.

One interesting study by Buren (1976) suggested that spraying a cane.
rlpener likerPolaris improved both pol and fibre content by depressing tissue
moisture (Table 10.2).

Among plant nutrients, N has a significant influence on fibre content and
increasing levels reduce the fibre percentage in cane. It has been pointed out
that tissue moisture and N in shoots are intimately related and a strong
positive correlation is observed at the early stages of crop growth. Excessive
N with adequate water and low radiation causes succulent cane stalks.
Large, thin-walled cells can neither be filled with sugar nor develop into
fibres. In essence, a_balanced carbohydrate— N relation is essential to
accumulate both sugar and fibre. Eventually, following high N fertilization

Table 10.2. Effect of Polaris at 4 kg a.i. ha™! on the stalk component of
H59-3775 at Mahna Key Sugar Co. (Buren 1976)

Paramete, Check Treated Change
Soluble salts (%) 13.3 16.8 259
Fibre (%) 12.4 12.8 33
Moisture (%) 76.1 72.6 — 4.5
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172 Fibre and Energy Cane

coupled with adequate soil moisture, thin-walled cells develop ‘pithiness’ or
‘piping’. ’

’ Ft is reasonable to regard that a direct relation exists between sugar, fibre
and moisture and maximum sugar accumulation should not be accom-
panied by minimum fibre production. It is therefore postulated that pot-
assium has a dominant effect in controlling both sugar and fibre production
by flushing out tissue moisture and N. The multiple roles of K include sugar \
transport, protein synthesis and internal control of tissue moisture. Thus, K ~
Tmproves the fibre content of cane by gradually reducing tissue moisture
(Fig. 10.5). Hartt (1929) provided evidence to show that K increases cutiniz-
ation with decreased lignification. A lack of K results in an abnormal
distribution of vessels with large vacuoles. Humbert (1975) suggested a
heavy and late K application (even up to the 9-month stage) for maximum
production of sugar and cellulose. He further recommended that a nutrient
ratio of N:P:K of 2:1:2 be increased to 2:1:4 to achieve high sugar and
fibre production.

Figure 10.5 suggests that late and heavy K application has a two-pronged
attack and regulates both sugar and fibre. A sugar increase paralleling the
fibre increase is evident following K addition. Firstly, K helps to convert
reducing sugars to sucrose and improves the pol content of cane. Secondly,
K reduces tissue moisture and aids conversion of thin-walled, large paren-
chyma cells to sclerenchvmatous fibre cells. Exchangeable K, ranging from

ST :
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Fig. 10.5. The effect of K on sugar, fibre and tissue moisture. A Increase in sugar; B increase in
fibre
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Abstract

In rice—plant cane-ratoon cane and cowpea—plant cane-ratoon cane rotations, rice
produced a significantly greater root ‘biomass® (1-5 t/ha) than cowpea (0-7 t/ha), but,
overall, the cowpea—plant cane-ratoon cane rotation added little more residues (7-9 t/ha)
to the soil than the rice—plant cane-ratoon cane rotation (7-5 t/ha). Organic matter (OM)
and total N in the soil not only increased more after cowpea (OM = 0-78%, N = 0-048%)
compared with rice (OM = 0-66% N = 0-024%) but also remained at a higher level
throughout the crop sequence. Time of N application to sugarcane: did not influence
significantly the OM and N contents of the soil. However, placement of N at 15 cm depth
along stubble rows in the ratoon crop improved the OM and N contents of the soil more
than the top dressing of N. “Sugarcane yields were significantly higher in cowpea—plant
cane—-ratoon cane rotation than those in the rice-plant cane-ratoon cane rotation. Split
applications of N at 45 and 90 days after planting produced a significantly higher plant-
cane yield than other split applications, but did not influence ratoon-cane vield
significantly.
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Manas Seangkong 1997 : Technology Application for Sugar-cane Production of
Farmers in Changwat Sing Buri. Master of Science (Agriculture), Major Field
Agricultural Extension, Department of Agricultural Extension and Communication.

Thesis Advisor : Associate Professor Chatcharee Narutoom, M.S. 167 pages.

The specific objectives of this research were to investigate : 1) The technology application
ot tarmers for Sugar-cane growing, 2y Some socio-economic background of farmers, 3) The
relationships between some socio-economic background with the technology application for

Sugar-cane growing. Studied samples included 120 for Sugar-cane production of farmers resided

in Changwat Sing Buri.

The findings revealed that the farmers 77.5 percent are male, average age are 42.73
years. Almost, 61.7 percent that educated in elementary, average debts are 146,347.83 bath and
‘he average areas used for Sugar-cane cultivated are 50.02 rai. Farmers technology application
for Sugar-cane consists. The conductions were farmers over 80 percent practiced crop planing;
over 70 percent prepared standardized furrows; less than 60 percent selected and preparec
stoiks; over 70 percent take care and maintenance; over 80 percent applied harvest techology.

Oniy 70 percent practiced mainienance of Sugar-cane stumps. Over 60 percent controlied

deseases and nsects.

After hypothesis had been tested. There is no significant difference in technology
application according 1o age, income, debts, size of the plantation. However there is significant

difference in technology application for those who no contact with the agricultural extension

offcials.

And it was found that the problems are 60.25 percent that lack of labors used for take

care and maintenance. The cost of Sugar-cane stalks 30.65 percent are very high and 25.17

percent about howtolet of the water.
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Abstract

The effects of crop residue management and fertilizer applications on soil organic matter
(SOM) content and labile soil organic fractions were examined on a long—term (59 years)
field trial under ‘sugarcane’ situated at Mount Edgecombe, South Africa. Treatments at
the site included pre—harvest burning with harvest residues removed (Bto), burning with
harvest residues left at the soil surface (Bt) and green cane harvesting with retention of
a trash blanket (T). Plots are either fertilized annually with N, P and K or unfertilized. Soll
organic matter content in the surface 10 cm increased with increasing inputs of crop
residues (Bto<Bt<T) and with annual fertilizer applications. There were no significant
treatment effects on organic C or total N content below 10 cm but for microbial ‘biomass
C and N, readily mineralizable C and N, KZSO4-extractabIe and light fraction C,

treatment effects were evident in the 10 20 and 20- 30 cm layers. Changes in soil N
content were more marked than those for organic C and, as a result, the C—to-N ratios
of total SOM., the readily mineralizable fraction and the microbial ‘biomass® were all
decreased by both increasing crop residue returns and fertilizer additions. By contrast,
both crop residue and fertilizer inputs increased the microbial quotient since microbial
biomass C was increased to a greater extent than total soil organic C. The results
demonstrate that greater inputs of organic matter due to either increased returns of
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above—ground crop residues or increased deposition due to higher yields (induced by
annual fertilizer applications) cause a proportionately greater increase in the size of labile
pools of organic matter than in the total organic matter content.
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(28K)

Fig. 1. Effects of long—term trash management practices and fertilizer applications on
organic C (a), microbial biomass C (c) and the C~to-N ratio of the organic matter (b) and
the microbial biomass (d) in the 0 5 cm soil layer. Grass=undisturbed grassed area,
BR=burnt with harvest residues left on plots, T=green cane harvested with retention of a
trash blanket, FO=unfertilized and F=fertilized annually with N, P and K. Means associated
with the same letter are not significantly different (P<0.05).

sk

Fig. 2. Distribution of organic C (a) and microbial biomass C (b) in the soil profile in the
BRF and TF treatments. Values for the microbial quotient at each depth are shown in
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brackets. BR=burnt with harvest residues removed, T=green cane harvested with
retention of a trash blanket, F=fertilized annually with N, P and K. LSD (P<0.05) shown
for treatment differences for each soil layer.

i . (8K)

S N i
L N

Fig. 3. Effects of long—term trash management practices and fertilizer applications on the
microbial quotient (a) and K,SO ,~extractable C (b) in the 0-5 cm layer.
Grass=undisturbed grassed area, BR=burnt with harvest residues left on plots, T=green

cane harvested with retention of a trash blanket, FO=unfertilized and F=fertilized annually
with N, P and K. Means associated with the same letter are not significantly different (P

<0.05).

| (28K)

i

Fig. 4. Effects of long—term trash management practices and fertilizer applications on
readily mineralizable C (a) and N (b), the mineralizable N-to—total N ratio (c) and the
mineralizable C—to—mineralizable N ratio (d) in the 0-5 cm soil layer. Grass=undisturbed
grassed area, BR=burnt with harvest residues left on plots, T=green cane harvested with
retention of a trash blanket, FO=unfertilized and F=fertilized annually with N, P and K.

Means associated with the same letter are not significantly different (P<0.05).

(18K)

Fig. 5. Effects of long—term trash management practices and fertilizer applications on
KMnO4—extractable C in the 0-5 ¢m soil layer (a) and distribution of KMnO4—extractabIe

C in the soil profile {b) in the BRF and TF treatments. Grass=undisturbed grassed area,
BR=burnt with harvest residues left on plots, T=green cane harvested with retention of a
trash blanket, FO=unfertilized and F=fertilized annually with N, P and K. Means in the 0—
5 cm layer associated with the same letter are not significantly different (P<0.05). Within
the soil profile, LSD (P<0.05) shown for treatment differences for each soil layer.

(19K)

) 1
Fig. 6. Distribution of K,SO,~extractable (a) and light fraction C (b) in the soil profile in

the BRF and TF treatments. BR=burnt with harvest residues removed, T=green cane
harvested with retention of a trash blanket, F=fertilized annually with N, P and K. LSD (P

50.05) shown for treatment differences for each soil layer.
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(27K)

Fig. 7. Effects of long—term trash management practices and fertilizer applications on the
dry matter (a), C (b) and N (c) content and C—to-N ratio (d) of the light fraction in the 0-—
5 cm soil layer. Grass=undisturbed grassed area, BR=burnt with harvest residues left on
plots, T=green cane harvested with retention of a trash blanket, FO=unfertilized and
F=fertilized annually with N, P and K. Means associated with the same letter are not
significantly different (£<0.05).

Table 1. Quantities of organic C. total N, mineralizable C and N, microbial biomass C,
KZSO4— and KMnO4—extractab|e C and light fraction C in the surface 30 cm of soil. Mean

cane yields (1978-1990) are also shown (15K)
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Abstract

A field experiment was conducted at Lucknow (26:5° N, 80'5° E, 120 m above mean sea
level), India, during 1992-1995 to compare “biomass~ productivity and crop yields in
Sesbania aculeata (as green manure)—+<sugarcane"—ratoon and rice—<sugarcane*—ratoon

rotations at 0, 150 and 300 kg ha™! N through urea to ‘sugarcane,: and 0, 75, 150 and
225 kg N ha! applied to the subsequent ratoon crop with and without trash mulch. The
Sesbania—“sugarcane —ratoon rotation added 14-48 t ha™' “biomass* to the soil
compared with 4-81 t ha ! by the rice— ‘'sugarcane’ —ratoon rotation because Sesbaria
yielded a significantly greater ‘biomass: (11-12 t ha™!) than did the residual rootmass of

rice (1-68 t ha ') and ‘sugarcane  (2-64-3-83 t ha ). Soil organic carbon, however,
tended to decline after green manuring with Sesbania but gradually increased after
incorporation of rice—root residues. Trash mulching of the ratoon crop upgraded the level
of soil organic carbon and mineral-N status compared to no mulching. ‘Sugarcane* yields
were significantly higher in the rice— sugarcane‘—ratoon rotation than in the Sesbania—
sugarcane’ —ratoon rotation. A multiple linear regression model: Y= 8:075 + 0-675 (PN) -

22-45(0C) + 0-671(P); A2 = 0-965, showed that cane yields (¥) were influenced
significantly by N uptake (PN), soil organic carbon (OC) and available P (P) status.

Author Keywords: Green manure; crop residue; crop—rotation; organic matter; “sugarcane
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Maintenance and Increase of Soil Fertility
with Organic Materials.

Influence of the Chemical Component of Some Organic
Materials on the Rate of Carbon—decomposition and
Mineralization of Nitrogen with two Soil Types

Tsugutaka Toma

Okinawa Prefectural Agricultural Experiment Station
4-222, Sakiyama—cho, Shuri, Naha-city, 903 Japan.

Summary

In order to estimate the quality of six organic materials for composing and to investigate the
predominant factor on decomposition of pig waste, chemical analysis of materials and two kinds of
incubation tests were conducted using two soil types{Calcarious fine-textured brown lowland soil
and acidic fine~textured vellow soil).

After the chemical analysis of six organic materials (such as dead leaves of sugarcane, baga-
sse, Japanese plume grass, ipil—ipil, water hyacinth and sewage sludge)were classified into two
types, using the results of these experiments, the results showed from the viewpoint of total nit-
rogen content and hemicellulose and cellulose that one type is categorized as nitrogeneous mate-
rials and has a high level of nitrogen and a low level of hemicellulose and cellulose (such as
s wage sludge and water hyacinth),

Another is categorized as cellulosis materials, which has a low level total nitrogen and a
high level of hemicellulose and cellulose (such as dead leaves of sugarcane, bagasse and japanese
plume grass). Ipil-ipil contains more cellulose than nitrogeneous materials, but less than cellu-
lose materials,

High concentration of total nitrogen, hot water soluble organic matter and 80% of sulfuric
acid insoluble N—compound matter in organic materials resulted in a high rate of C—decomposition
(RCD). On the other hand, high concentration of hemicellulose, cellulose and high C/N ratio
depressed RCD.

Mineralization of nitrogen (MN}was limited by the high concentration of total carbon, and
hemicellulose and cellulose.

According to the results of the incubation test, RCD of pig waste in the sojl was influenced
by temperature and degrcee of maturity. RCI) of pig waste in soil was higher at 257 than at
10°C. Inmature waste seemed to decompose more rapidly mature waste.

Temperature and soil moisture influenced mineralization of nitrogen. Under warm (257 jand
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wet conditions of soil {80% of maximum moisture capacity), the amount of mineralized nitrogen was
higher than that of the condition of 10T, and 55% of maximum moisture capacity. On the other

hand, the amout of minevalized nitrogen of the calcarious soil was higher than that of acidic soil.
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Saowanuch Thawornpruek 1998 : A Comparison on Potential of Sugarcane Growing
Soils in Eastern Thailand. Master of Science (Agriculture), Major Field Soil Science,
Department of Soil Science.  Thesis Advisor : Associate Professor Anchalee

Suddhiprakarn, Ph.D. 178 pages.

A study on comparison on potential of sugarcane growing soils in Eastern Thailand was
carried out on representative soils in 10 areas. Pedon analysis in the selected areas, laboratory
analyses on their physico-chemical properties, mineralogy, micromorphological characteristics

and assessment of their properties related to sugarcane crop requirements were included in the

study method.

Results of the study revealed that these soil are Quartzipsamments, lEndoaqualfs,
Hapludalfs and Paleudults in coastal plain. They are very deep soils develeped on mainly focal
alluvium, semi-recent alluvium and wash deposits derived from granite and gneiss. Their
micromorphological characteristics indicate subangular to subrounded quanz grains as major
fabric component and with clay coatings in subsoils for some areas. Their texture ranges from
sand to clay loam and their bulk density ranges from moderately low to moderately high (1.33-
1.82 Mg m‘I)A Their saturated hydraulic conductivity ranges from slow 1o very rapid. Chemical
analysis of soils indicates their very strong acid to moderalely alkaline condition (pH 3.8-7.9).
They have very low (o mecium organic matler content (1.1-15.6 g kg 1)' very low total nitrogen
{0.01-0.06 g Kgﬁ')| very low to very high available phosphorus (1-250 mg kg"‘} and low to very low
availabie potassium (3.5-48.1 mg kg'i). The scils have very low to moderately high cations
exchange capacity (6.17-16.25 cmol kg") with the range of their sum of extractable bases of 0.21-
17.77 centmoles per kilogram. Extractable acidity in these soils ranges from very low to
moderately high {1-8.7 cmol kg"‘) and their base saturation percentage varies (4-84 %). Their
electrical conductivity range from 0.03-1.89 decisiemen per meter indicaling no salt effect in

these soils.

Fertility assessment results indicate that most of these sugarcane growing soils have low
fertility except for some of the areas that the soiis have moderate fertility status. Their potential
based on suitability assessment indicates that most of them are moderately suited and some of
them are very well suited for sugarcane. However, some of them that have sandy texture or very
strongly acidic condition are not suited for the purpose. A recommended approach to increase
their potential for sugarcane growing includes a more intensive soil-fertilizer management with an
emphasis on soil organic matter conservation. To maintain effectiveness in sugarcane growing
on these soils continuing effort on soil-fertilizer management is clearty rneeded to sustain and
increase their sugarcane production potential.
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170 Soil Organic Matter

and

a=>bm

where C = the percentage of soil organic carbon in equilibrium (tons/ha)
b = the annual amount of fresh organic matter added to the soil
(tons/ha)
m = the conversion rate of fresh organic matter into soil organic
carbon (percent)
a - the annual addition of soil organic carbon (tons/ha)
k = the annual decomposition rate of soil organic carbon (percent)

The magnitudes of these various parameters can be observed in Table 5.3.
The annual addition of fresh organic matter as litter, branches, and dead
roots () is on the order of 5 tons/ha of dry matter in tropical forests and
about 1 ton/ha in temperate forests. The actual ranges in the literature are
from 3 to 15 tons/ha in tropical forests and 1 to 8 tons/ha in temperate
forests. Tropical savannas add from 0.5 to 1.5 tons/ha; temperate prairies,
about 1.5 tons/ha.

An opposite relationship, therefore, exists between tropical and temperate
vegetation forms. Tropical udic forests furnish about five times as much
raw organic matter to the soil as do their temperate counterparts, mostly in
the form of litter in both cases. This difference is due to the faster growth
rate of tropical forests. Fresh organic matter additions in grasslands are pri-
marily in the form of root decomposition. Temperate prairies develop more
abundant root systems, whereas growth in tropical savannas is often limited
by low nutrient availability. Annual burning of savannas further reduces the
raw organic matter additions.

The conversion rate (m) of fresh organic matter into soil organic carbon
(humus) is on the order of 30 to 50 percent per year. The rates are relatively
constant in the different environments. The annual additions of soil organic
carbon or humus (a), therefore, are about four times higher in tropical than
in temperate forests and are fairly similar in tropical and temperate grass-
lands.

The annual decomposition rates of soil organic carbon (k) vary
considerably. They range from 2 to 5 percent in tropical forests with the
exception of the Colombian example, which is very low (0.5 percent)
because of the presence of allophane in that particular soil. The k values for
temperate forests range from 0.4 to 1 percent, probably as a result of
temperature limitations. The decomposition rate of tropical savannas
averages 1.2 percent or three times that of temperate prairies. |

Differences between tropical and temperate regions are primarily a func-
tion of temperate fluctuations. It should be remembered, however, that k
rates during the temperate summer may be higher than in tropical regions
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Sugarcane Stalk as a Roughage for Dairy Cattle
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Introduction

Due to the economic development in Thailand, the
demand for meat and milk has increased. The northeast-
ern region is a center for large ruminant production in the
country. Dairy production has been promoted there. Feed
shortage especially in the dry season, is a key constraint
to the further development of dairy production as well as
beef production, which is highly related to the harsh envi-
ronmental constraints such as the shortage of water, infer-
tile soil, saline soil etc. It is necessary, therefore, to
exploit localy available feed resources and to establish
feeding strategies that match up with the local environ-
ment in the region.

The biomass production of natural grass and
improved pastures in Northeast Thailand becomes scarce
in the dry season. On the other hand, sugarcane is har-
vested in the dry season. The production of sugarcane in
Northeast Thailand increased nearly three times in the
1990s in comparison with the 1980s (Center for Agricul-
tural Statistics, 1995). There may be a high possibility to
utilize sugarcane as cattle feed especially in the dry sea-
son.

The use of sugarcane as cattle feed has been demon-
strated and data on it has been accumulated in other coun-
tries, mainly Caribbean countries by the group of Preston
(1988). The environment and the varieties of sugarcane

Table 1. Relative aerial biomass of sugarcane

Dry matter (%) % of total
Stalk 29.5 69.5
Top 36.7 8.2
Trash 91 222

Survey was carried out 10-27 January 1995.
Average of 19 sugarcane fields from 6 villages in Khon Kaen
(Kawashimaet al., 2001)
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grown in Northeast Thailand are different from those
countries. A series of trials have been carried out in order
to seek a way to utilize sugarcane for cattle feed, which
was one of the main subjects under the collaborative
research project between the Khon Kaen Animal Nutri-
tion Research Center and JIRCAS. This report aims at
reviewing the studies regarding the use of sugarcane as
feed for dairy cattle and discussing the problems and pos-
sibilities.

Relative Aerial Biomass Yield of Sugarcane

The ratio of top, stalk and trash was measured in
order to obtain basic data for the utilization of sugarcane
as a cattle feed (Kawashima et a., 2001). The relative
aerial biomass of sugarcaneis shown in Table 1. The data
from Natal, Hawaii and Mauritius showed that the per-
centage dry matter of stalk, top and trash were 56.2-
62.4%, 12.6-18.1% and 24.3-25.6%, respectively
(Naseeven, 1988). The sugarcane in Khon Kaen is charac-
terized as having a relatively high ratio of stalk, and a
very small ratio of top. The ratio was measured right in
the middle of the dry season, since the ratio of top would
become smaller towards the end of the dry season. And
besides, as top is utilized to tie up a bundle of stalk for
transportation to the sugar mill, available top remaining in
afield is approximately 20% less than this ratio. There-
fore, there is not much top remaining in afield, especially
at the end of the dry season, when green forage is badly
needed. There is much more labor involved to collect top
compared to that in other countries. Therefore, the
method of top utilization should not be considered to be
of the same magnitude as that in other countries.
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Table 2. Chemical analysis of sugarcane stalk, top and trash

CP EE NFE CF ADF NDF Ash
Stalk 1.9 (0.5) 05 (0.3) 77.4(1.2) 18.2 (1.5) 23.2 (2.4) 37.8(L9) 1.9(0.3)
Top 4.4(05) 1.3(0.2) 545 (3.2) 33.6 (2.5) 38.9 (5.9) 74.7 (2.1) 6.2 (1.2)
Trash 2.1(0.4) 1.7 (0.2) 525 (2.1) 373(20)  434(18) 79.3(2.0) 6.5 (1.0)

Means (standard deviation) of datais shown for 10 samples.

CP, crude protein; EE, ether extracts, NFE, nitrogen free; CF, crude fiber; ADF, acid detergent fiber; NDF, Neutral detergent

fiber
(Kawashimaet al., 2001)

The Nutritive Value of Sugarcane
Chemical analysis of sugarcane stalk, top and trash

The samples from ten sugarcane fields where the rel-
ative aerial biomass of sugarcane was determined were
subjected to chemical analysis (Kawashima et al., 2001).
The results are shown in Table 2. Chemical composition

of top and trash was similar, although crude protein (CP)
and nitrogen free extract (NFE) were higher and crude
fiber (CF), acid detergent fiber (ADF) and neutral deter-
gent fiber (NDF) were lower in top than in trash. In the
process of withering, CP and NFE were considered to
have been lost in trash. The chemical composition of stalk

Table 3. Chemical composition of sugarcane stalk and commercial complete feed

DM cp EE NFE CF Ash GE
(%) (%DM) (MJkgDM)
Sugarcane stalk  (Period 1) 32.6 2.3 0.7 80.3 154 1.3 16.8
(Period 2) 32.8 14 10 79.5 155 2.7 17.3
(Period 3) 329 22 0.9 77.1 17.3 25 17.6
Commercia complete feed 95.3 13.7 59 475 24.8 8.2 18.9

DM, dry matter; CP, crude protein; EE, ether extracts; CF, crude fiber; NFE, nitrogen free extracts; GE, gross energy

(Kawashimaet al., 2002a)

Table 4. DM intake, digestibility, TDN and energy contents of the ration including different levels of
sugarcane stalk and commercial complete feed

Treatment 1 2 3 4 SE. Css?
Ratio of CSS (%) 100.0 70.0 40.9 0.0 -

CP content (%) 2.3 5.1 9.0 13.7 -

DM intake (kgDM/day) 2.60 3.61 4.19 4.19 -

Digestibility of DM (%) 56.7% 58,22 54.8% 52.4° 16 60.3
oM 60.5% 60.3% 56.6® 54.4° 1.5 62.2
CP o 27.0° 50.2° 60.9% 2.7 0
EE 19.8° 80.7% 85.5% 87.4* 3.0 64.2
CF 18.7° 31.6® 28.3° 37.8* 24 24.9
NFE 71.0° 69.6% 66.1° 57.1° 1.4 73.1
TDN content (%) 59.9 60.3 57.4 56.4 15 61.5
GE content (MJkgDM) 16.8 17.8 18.4 18.9 - 17.3
DE content (MJkgDM) 9.43% 10.43° 10.28%® 10.29%® 0.26 10.46
ME content (M JkgDM) 7.67° 9.14° 9.40° 9.46" 0.26 9.04

CSS, chopped sugarcane stalk; TDN, total digestible nutrient; DE, digestible energy; ME, metabolizable
energy; S.E., standard error of the mean.
9 Means of four animals. Means with different superscript letters are significantly different at p<0.05.

2 Nutrient digestibilities, GE, DE and ME contents in CSS were estimated by extrapolation of the value

of treatments 2, 3 and 4.
(Kawashimaet a., 2002a)
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was characterized as having a higher NFE and lower CP,
CF, ADF and NDF.

Stalk would have a high potential to be utilized as
roughage for cattle because of its high yield, although CP
content was low. Pate and Coleman (1975) have carried
out chemical analysis of stalk in 66 varieties of sugarcane.
They suggested that the fiber content was negatively
related to in vitro digestibility and that emphasis should
be placed on lower fiber content when selecting a variety
for feeding purposes. Chemical analysis in this study
showed that the CF, ADF and NDF contents of the sugar-
cane stalk collected from Khon Kaen Province were even
lower than the lowest value among the varieties studied in
their report. In this sense, the sugarcane grown in Khon
Kaen province would be suitable for feeding purpose.

The metabolizable energy content of sugarcane stalk

A metabolism trial with four Brahman cattle given
different levels of chopped sugarcane stalk (CSS) and
commercial complete feed (TMR) was carried out in
order to determine the nutritive value of CSS for the
establishment of a feeding strategy in the dry season in
Northeast Thailand (Kawashimaet a., 2002a). The chem-
ical composition of sugarcane stalk and TMR is shown in
Table 3. The feed consumption, nutrient digestibility and
contents of gross energy (GE), digestible energy (DE) and
metabolizable energy (ME) are shown in Table4. The ME
content of CSS 100% was significantly lower than the
other treatments. The nutrient digestibilities, GE, DE and
ME contents of CSS itself were estimated by an extrapo-
lation of data except for that of animals solely given CSS.
As the estimated digestibility of CP was negative, these
were expressed as 0%. The total digestible nutrient
(TDN) content of CSS itself was calculated from these

estimated digestibilities. All of the estimated values were
higher than the values when CSS was solely given. TDN
and ME contents of CSS were 61.5% and 9.04 MJkgDM,
respectively, if it was properly supplemented with protein
sources. The nutritive value of CSS was lower than this,
when the animals were given only CSS. Thiswas dueto a
large loss of energy into urine and methane. The volun-
tary intake of CSS was not enough to satisfy the energy
reguirement for maintenance. When CSSis used for cattle
feed, it would be required to supplement this with an
energy source especialy for high performance animals. It
was concluded, therefore, that CSS can be used as a
roughage for feeding cattle in the dry season with a
proper supplement of protein and energy.

Sugarcane stalk as roughage for lactating cows

The use of CSS as aroughage for lactating cows was
examined using four lactating Holstein crossbred cows
owned by a private dairy farm in Khon Kaen, Thailand, in
comparison with rice straw (RS), which is the conven-
tional roughage in the dry season (Kawashima et al.,
2002b). Cows were subjected to two dietary treatments:
Diet 1) RS with commercial concentrate feed, and Diet 2)
CSS and RS with commercial concentrate feed. Each
treatment was switched over every 3 weeks. RS and CSS
were given ad libitum. The amount of concentrate was
determined by the experience of the owner of the cows.
There was no difference in milk production between the
two groups, although the total dry matter intake was less
in the cows fed with CSS (Table 5). The Solid-not-fat
(SNF) content in milk was significantly higher in the
cows given CSS (Table 6). The NEFA contents in blood
were significantly lower in the animals given CSS, which
suggested that the cows given only RS as roughage would

Table 5. Feed consumption, milk production and body weight change of milking cows given

sugarcane stalk or rice straw

Treatment

Ricestraw® Sugarcane® S.E.C

Consumption of concentrate feed (kgDM/day)

Consumption of rice straw (kgDM/day)

Consumption of sugarcane stalk (kgDM/day)

Milk production (kg/day)
Body weight change (kg/3 weeks)

6.56 5.94 0.35
6.83 114 0.31
- 522 0.34
8.6 9.0 0.3
50 7.0 9.4

2 Rice straw with commercial concentrate

P Chopped sugarcane stalk and rice straw with commercial concentrate

¢ Standard error
(Kawashimaet a ., 2002b)
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Table 6. Milk composition (%) of cows given rice straw or sugar-

cane stalk
Ricestraw  Sugarcane SE.
Fat 3.49 3.50 0.25
Protein 3.42 3.70 0.08
Lactose 4.16 417 0.05
Total solid 11.77 12.07 0.29
Solid not fat 8.28 8.57* 0.08

* Significant difference p<0.05
(Kawashimaet a., 2002b)

be suffering from energy malnutrition. Sutton (1989) sug-
gested that increasing energy intake is the most reliable
means of increasing the milk protein concentration.
Therefore, it was considered that CSS feeding improved
the energy supply and protein metabolism, which resulted
in ahigher SNF in milk. There were some reports (Obara
et al., 1994; Sutoh et al., 1996) suggesting that sucrose
supplementation resulted in an improvement in the effi-
ciency of nitrogen retention by the trials with sheep given
Lucerne hay as a basal diet. The sugarcane stalk utilized
in the present study was already mature and considered to
include 40-50% of sucrose on DM basis. Obara et al.
(1994) reported that sucrose supplementation resulted ina
decrease in the urinary nitrogen excretion rate and there-
fore an increase in nitrogen retention, which was accom-
panied with decreases in the ammonia concentration in
the rumen and the plasma urea concentration. In this
study, a similar trend was found in the ammonia concen-
tration in the rumen and the plasma urea concentration.
Therefore, the effect of sucrose on protein metabolism
would be another reason for higher SNF. From the nutri-
tional point of view, this study clearly showed that
chopped sugarcane stalk could be used as roughage for
dairy cows, although the utilization of sugarcane stalk as
roughage for dairy cows highly depends on the cost of the
sugarcane.

Rumen physiology of cattle given sugarcane stalk
Sugarcane stalk can be used as a roughage for cattle
especially in the dry season when other roughage is not
available. Although sugarcane stalk has high metaboliz-
able energy content, cattle cannot consume it enough to
satisfy their energy requirements. Thisis considered to be
highly related to the very low digestibility of fiber in sug-
arcane stalk. Rumen physiology was examined in four
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cattle fitted with rumen fistula given commercia concen-
trate feed either with CSS or with Ruzi grass hay
(Kawashima et al., unpublished). Feeding with CSS
decreased the acetate content and increased the propi-
onate and butyrate contents in rumen fluid. Obara and
Dellow (1993) and Obara et al. (1994) suggested that the
microbial fermentation of sucrose increased production of
propionate, which in turn became available for glucose
production, thus sparing amino acids for tissue protein
utilization and reducing urea excretion. The present study
confirmed the change in rumen fermentation of animals
given CSS, which contained a large amount of sucrose.
Feeding with CSS decreased the acetate content and
increased the propionate content in rumen fluid. Conse-
quently, the ratio of acetate to propionate was decreased
by feeding sugarcane stalk. These changes in rumen fer-
mentation would be a reason for the higher SNF content
in the milk of cows given sugarcane stalk mentioned in
the previous section.

Thein sacco degradability revealed that the potential
degradability of sugarcane stalk was only 17%, athough
the intercept of the degradation curve at time zero was
about 42%. This clearly showed that CSS consisted of a
water soluble fraction and tough fiber. The degradation
rates of both Ruzi grass hay and sugarcane stalk in nylon
bags were depressed when the animals were given CSS. It
is necessary to establish afeeding system in consideration
that the sugar in sugarcane stalk may scarify fiber diges-
tion to some extent.

While the turnover rate of the liquid phase was about
50% higher in the animals given CSS, that of the solid
phase was about 40% lower in the animals given CSS.
According to Leng and Preston (1988), the fiber of sugar-
cane is slowly digested and its long retention time in the
rumen may represent a constraint in intake through dis-
tension of the rumen. This marker trial clearly demon-
strated that the rumen turnover rate of the solid phase was
slower in the rumen of animals given CSSthan Ruzi grass
hay. The Ruzi grass hay used in the present study con-
tained a CP of only 4.6% and was not of good quality.
Thus, the rumen turnover rate of CSS would be much
slower than that of agood quality roughage produced in a
temperate zone. On the contrary, the rumen turnover of
the liquid phase was faster in the rumen of animals given
CSS than Ruzi grass hay. Leng and Preston (1976)
reported that the pH of rumen fluid of cattle given sugar-
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cane was high and stable in the range of 7.3 to 6.8 with
only minor variations. They suggested that this would be
a result of high salivary flow rates since cattle were
observed to spend a considerable time eating and ruminat-
ing. This study also showed that the pH of rumen fluid of
the animals given sugarcane stalk was very stable. It was
considered that the stability of the pH in the rumen fluid
of animals given CSS was supported by a high liquid
phase turnover rate in rumen.

Sugarcane would be a promising roughage for rumi-
nants in the tropics especially in the dry season. However,
the process of its digestion in the digestive tracts in the
animals differs from that for other conventional rough-
ages. It isimportant, therefore to establish a feeding strat-
egy suitable to the nature of sugarcane stalk to make its
utilization more effective. For this purpose, it is necessary
to identify a proper supplement in terms of quantity and
quality as well as the validity to use CSS together with
other roughage.
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Abstract

Distributed energy resources refer to small modular power systems that are employed near the
point of electricity consumption. Biomass, a renewable fuel, can be used as the primary energy
source for fuel cell, microturbine, and reciprocating engine applications. Of the renewable
technologies, biomass is often a least cost alternative. As a fuel, biomass is highly flexible, as it
can be used in direct combustion, combined heat and power (CHP) applications or it can be
gasified (thermochemically or biologically) to produce a combustible gas that, after appropriate
processing, can be used in gas-fuelled conversion technologies.

Samples of bagasse, sugarcane trash, fiber cane, banagrass, macadamia nut shells, hemp, and
sewage sludge were collected from across the state and subjected to proximate, heating value,
ultimate, and water soluble alkali analyses. In addition, samples of the ash derived from these
biomass materials were analyzed for 12 chemical species (Si, Al, Ti, Fe, Ca, Mg, Na, K, P, S, Cl,
and C (as CO,)). Ash deformation temperatures were also measured.

Ash content of plant-derived samples ranged from 0.8% for macadamia nut shells to nearly 16%
for fiber cane that had been contaminated with soil. Ash content of sewage sludge samples was
higher, ranging from 21.5 to 32% of fuel mass on a dry basis. Fuel heating values were inversely
proportional to ash content and varied from 16.8 MJ per kg for fiber cane to 21.1 MJ per kg for
macadamia nut shells. With few exceptions, the heating values of the remaining plant-derived
samples ranged from 17.5 to 19 MJ per kg. Heating values of sewage sludge samples ranged
from 16 to 18 MJ per kg despite high ash content.

Plant derived samples that were actively growing at the time of collection, sugarcane tops,
banagrass, and fiber cane, generally possessed higher N concentrations (0.5 to 1%) than
macadamia nut shells, processed fuels such as bagasse, and those that were essentially dead at
the time of collection such as sugarcane leaves and ground trash. N content for the latter groups
were in a range from 0.2 to 0.5% of dry fuel mass. Sewage sludge samples had order of
magnitude higher N levels ranging from 5.4 to 6.7% of dry fuel mass. Fuel bound N can
contribute to the formation of oxides of nitrogen, criteria pollutants in thermochemical
conversion applications.

S levels in plant derived materials were all less than 0.3% on a dry mass basis. Sewage sludge
samples were higher, ranging from 0.9 to 1.7%. S can form SO,, H,S, and acid gas emissions
depending upon the conversion technology employed.

ClI levels in components of sugarcane trash varied from 0.1 to 0.7% of fuel mass with tops
generally exhibiting higher concentrations than leaves and ground trash. Banagrass and fiber
cane also had Cl concentrations near the top of this range. Bagasse and macadamia nut shells
were substantially lower, <0.05%. CI can react with alkali species and form deposits on heat
exchange surfaces, causing corrosion and degrading system performance. HCI formation is also
likely. Sewage sludge samples contained less than 0.3% CI on a dry mass basis.

53



As indicated by tests for water soluble alkali, K may be expected to play a larger role than Na in
contributing to alkali vapor generation under high temperature for the plant derived fuels. Na
and K contributions for sewage sludge samples may be expected to be roughly equal.

As evidenced by the elemental ash analyses, plant derived samples that were actively growing at
the time of collection, sugarcane tops, banagrass, fiber cane, and hemp possessed higher K
concentrations than macadamia nut shells, processed fuels such as bagasse, and those that were
essentially dead at the time of collection such as sugarcane leaves and ground trash. Other major
constituents of ash included Si and Ca. Fuels that had been exposed to soil contamination also
had high levels of Al and Fe. In thermochemical conversion applications, K reacts with S and CI
and serves as a leading contributor to slag formation and ash deposits on heat exchange surfaces.
In fluidized bed conversion systems, potassium sulfates and chlorides may induce bed
agglomeration and subsequent defluidization.

The ash composition of sewage sludge is marked by high levels of Si, P, and the soil
contaminant indicator elements, Al and Fe. The high P levels in sewage sludge ash are unique
among the samples analyzed, ranging from 14 to 29% (as P,Os).

Ash deformation temperature is an indicator of a fuel's propensity to form slag in
thermochemical conversion applications. Sugarcane tops and banagrass generally had the lowest
initial ash deformation temperatures (oxidizing environment), ~1000°C, of the samples analyzed
and this is a result of their high K levels. The exception to this was hemp which also contained a
substantial amount of K but with an accompanying concentration of Ca that served to elevate the
ash melting point to 1284°C. Initial ash deformation temperatures (oxidizing environment) for
the remaining plant-derived fuels and sewage sludge samples that had lower K concentrations
ranged from 1100 to 1284°C. These same trends were also evident for deformation temperature
measured in a reducing environment.

Total alkali content on a unit energy basis was calculated for each of the materials. Three
samples, macadamia nut shells, clean bagasse, and sewage sludge from the Lihue WWTP were
found to have less than 0.17 kg (K,O+Na,O) per GJ, an upper limit associated with low risk for
fouling and slagging. Bagasse that had been contaminated with soil, sugar cane leaves from
varieties 7750 and B52298, and sewage sludge from the Ele'ele WWTP had values in a range
from 0.17 to 0.34 kg (K,O+Na,0O) per GJ and present an increased risk of producing fouling and
slagging problems. Values for the remainder of the fuels exceeded the 0.34 kg (K,O+Na,O) per
GJ limit and can be expected to present nearly certain slagging and fouling risks. Although these
limits are derived from operating experience, actual performance can vary depending on the
design and operation of the energy conversion device. Testing at the pilot and/or demonstration
scale is recommended with new fuels in order to assess their operating characteristics prior to
committing to long term fuel supply agreements. Fuel characteristics may be improved prior to
use by processing to remove problem elements such K and Cl. Blending high and low alkali
fuels to facilitate the use of the high alkali material is also an option.

Using the results of the fuel analyses for several biomass materials and assumed air fuel ratios,

chemical equilibrium calculations were performed for representative combustion and gasification
conditions over a range of reaction temperatures. The results for concentrations of minor species
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in combustion and gasification applications were presented in graphic form. These minor
species include those formed by the inorganic fuel constituents that are often important to
pollutant emissions, slagging, and ash deposition.

Macadamia nut shells and sugarcane bagasse are currently used in distributed generation
applications using conventional combustion-based, steam boiler technology. Potential for using
the other biomass materials in DER application depends not only on fuel characteristics as
discussed in this paper, but the local, national, and/or international market economics and the
policy and regulatory environment.
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1. Introduction

Distributed energy resources (DER) refer to a variety of relatively small, modular generating
technologies located and operated near the point of power utilization [1]. These technologies
include, but are not limited to, fuel cells, microturbines, gas powered reciprocating engines,
wind, solar photovoltaic, and geothermal. Although these power sources may be connected to
the utility grid, DER installations are more typically connected at the distribution level rather
than the transmission level [2]. Biomass, a renewable fuel, can be used as the primary energy
source for fuel cell, microturbine, and reciprocating engine applications. Of the renewable
technologies, biomass is often a least cost alternative. As a fuel, biomass is highly flexible, as it
can be used in direct combustion, combined heat and power (CHP) applications or it can be
gasified (thermochemically or biologically) to produce a combustible gas that, after appropriate
processing, can be used in gas-fuelled conversion technologies.

There are a wide variety of potential biomass fuels with varying degrees of DER applicability.
Fuel availability and price are often factors of primary importance. In addition, the
physicochemical characteristics of the fuel must be suitable for the particular energy conversion
technology. A baseline of relevant physicochemical data for thermochemical applications may
be obtained from a standard battery of fuel analyses. Further analysis may be warranted based
upon the results obtained from this initial battery.

A recent study conducted by Turn et al. [3] inventoried biomass resources in the State of Hawaii.
Among the materials included in the inventory were swine, dairy, and poultry manure, sugarcane
bagasse and trash, pineapple processing waste, macadamia nut shells, municipal solid wastes,
food waste from commercial food preparation facilities, sewage sludge, and fat, oil and grease
wastes from food preparation activities. Samples of selected materials — bagasse, sugarcane
trash, macadamia nut shells, and sewage sludge— were collected and analyzed. Samples of two
crops under consideration for use as dedicated fiber sources, sun hemp and banagrass, were also
analyzed. These analyses are the focus of this study.

Bagasse is the fibrous plant material remaining after sugar extraction has been completed in
commercial milling operations. Sugarcane trash is a collective term that includes (1) dead leaves
attached to the plant at harvest, (2) the top or growing point portion of the plant, and (3) detritus
accumulated in the field over the period of the plant's growing cycle. This last quantity is
commonly called ground trash. Steam based power plants are typically located adjacent to sugar
factories and use bagasse as fuel to satisfy process heat demand, provide motive power, and
generate electricity required in sugarcane production and processing. During the cane grinding
season, sugar factories are commonly energy self sufficient and frequently export excess power
to the utility grid. At present, sugarcane trash is not used for power production but is instead
open burned in the field prior to harvest in order to reduce the volume of material transported to,
and processed by, the factory. In Hawaii and in many parts of the world, this practice faces an
uncertain future due to its impacts on the environment and population centers that have
developed in cane growing areas. Recovery and utilization of the cane trash resource has
become an area of increasing interest by sugar producers in the state.
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Macadamia nut shells are generated from macadamia nut processing operations. Shells are
commonly burned to generate steam for use as process heat in nut drying operations and for
power generation if the processing facility is sufficiently large to warrant the investment.

Sewage sludge or biosolids are generated from waste water treatment plants. Sludge is often
stabilized using anaerobic digestion and then dewatered prior to final disposal at landfills or as
an ingredient in compost production. Both the methane rich gas from the anaerobic digester and
the sewage sludge stream present opportunities for energy generation.

Results of the analyses of the biomass resources identified above are the focus of this report.
The analytical results provide a common quantitative basis for comparison of different fuels,
information necessary for determining the suitability of utilizing a given fuel in a particular
application, and data required for energy conversion facility design. Equilibrium calculations
using the results of the fuel analyses were performed for conditions representative of combustion
and gasification technologies.

2. Materials and Methods

Samples of bagasse, sugarcane trash, macadamia nut shells, sewage sludge, hemp, and banagrass
were collected and analyzed as described below.

2.1 Sample Description
2.1.1 Bagasse and sugarcane trash

Sugarcane and bagasse samples were obtained from the Hawaiian Commercial & Sugar Co.
(HC&S) plantation on Maui. Bagasse samples were collected from milling operations at the
Puunene sugar factory on Maui and sugarcane trash was collected from commercial plantings
and experimental plots.

Bagasse samples were collected on two occasions and the material that the samples were drawn
from had different histories. Bagasse and coal cofiring tests were conducted in January of 2002.
The bagasse used in these tests was stored in open piles on bare soil for roughly one month prior
to the tests. For testing, bagasse was recovered from the storage yard using a payloader and
returned to the power plant. Storage deterioration and incorporation of extraneous material
during handling were likely to have occurred. Samples were obtained as the bagasse was
conveyed back to the boiler for use in the cofiring tests. This material is identified in subsequent
discussion as Bagasse (01/02 Cofiring Tests).

Fiber cane was also used in the cofiring tests. Sugarcane variety B52298 exhibits higher fiber
content than varieties currently used by HC&S for commercial sugar production. B52298 was
selected as a fiber cane cultivar for use in the cofiring tests. Roughly 20 acres of fiber cane were
planted by HC&S and subsequently harvested in December, 2001. The fiber cane was spread on
an abandoned air strip to dry prior to the cofiring tests. Unseasonable weather resulted in the
material being rained on several times during the weeks prior to the tests. It was recovered with
a payloader and trucked to the bagasse storage house. Samples were obtained from the trucks
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prior to unloading. Deterioration due to extended periods at high moisture and incorporation of
extraneous material during handling were likely to have occurred. This material is identified in
subsequent discussion as Fiber Cane (01/02 Cofiring Tests).

A second bagasse lot was obtained from HC&S for experimental gasification tests conducted at
the University of Hawaii (UH). This material was loaded into super sacks in the bagasse house
adjacent to the Puunene sugar factory. Bagasse is transported to the bagasse house from the
sugar factor by conveyor with little, if any, opportunity for the material to be contaminated. The
super sacks were shipped to Oahu via Young Brothers and the bagasse was dried in a forced-
draft, ambient-air, bin dryer at UH. The dried fuel lot was sampled. This material is identified in
subsequent discussion as Clean Bagasse (02/03 PSI Tests). This label refers to the gasifier tests
that were conducted using the bagasse as fuel.

Samples of trash from five varieties of sugarcane were collected from plantings at HC&S. Trash
was separated into three components; (1) leaves: dead leaves attached to the plant at harvest, (2)
tops: the top or growing point portion of the plant, and (3) ground trash: detritus accumulated in
the field over the period of the crop's growing cycle. In some cases ground trash samples were
not collected and only leaves and tops were analyzed. Samples were chopped using a forage
chopper and air dried. Several of the samples were further reduced in particle size using a Wiley
mill equipped with 0.125 inch screen prior to analysis. In the following discussion, trash
samples are identified by their HC&S variety number; i.e. 7750, B52298, 3567, 7052, or 4153,
and the plant component, tops, leaves, or ground trash. Varieties have generally been selected
based on their demonstrated potential for sugar production as well as favorable agronomic
characteristics.

2.1.2 Macadamia nut shells

Samples of macadamia nut shell were collected from the Mauna Loa Macadamia Nut
Corporation processing facility in Kea'au. Mauna Loa burns the shells to raise steam for drying
and electricity generation. Samples were obtained from the fuel conveyor leading to the boiler.

2.1.3 Sewage sludge/biosolids

Sewage sludge samples were collected from the Kahului waste water treatment plant (WWTP)
on Maui and four WWTP's on Kauai, Ele'ele, Waimea, Lihue, and Wailua. All of these facilities
are operated by their respective counties. Samples were taken to UH and dried at 103°C for 24
hours prior to shipment for analysis.

2.1.4 Potential fiber crops

Hemp and banagrass have been considered as potential fiber crops for use in dedicated feedstock
supply systems. Both have been cultivated in experimental plots to establish cultural practices

and obtain yield data. Samples of hemp were obtained from experimental plots at HC&S.

Production of banagrass progressed beyond the experimental stage in mid 1990's. A 20 acre
demonstration plot was planted on Molokai and the Dole Food Company planted more than a
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thousand acres on Oahu for use as boiler fuel. Both efforts have since been terminated. Early
experimental plantings were conducted by the former Hawaiian Sugar Planters' Association.
This organization has since become the Hawaii Agriculture Research Center (HARC) and
HARC currently uses banagrass as windbreaks throughout the fields at their Kunia farm.
Banagrass was obtained from HARC's windbreaks and chipped by a local tree pruning company.
The chipped material was dried in a forced-draft, ambient-air, bin dryer at UH. Samples for
analysis were obtained from the dried fuel lot. This material is identified in subsequent
discussion as Banagrass (02/03 PSI Tests). This label refers to gasifier tests that were conducted
using this banagrass lot as fuel.

2.2 Analytical Methods

Samples of the biomass materials described above were subjected to proximate, ultimate, Cl,
heating value, and water soluble alkali analyses. Major ash species (Si, Al, Ti, Fe, Ca, Mg, Na,
K, P, S, Cl, and C as CO;) and ash deformation characteristics in oxidizing and reducing
atmospheres were also determined. These analyses were performed by Hazen Research, Inc.,
Golden, CO.

3. Results
3.1 Fuel analyses

Results of the analyses described above are presented in Table 1-A through 1-C. Characteristics
of the different materials are discussed below.

3.1.1 Sugarcane Trash

Results of the proximate analyses indicate that the components of sugarcane trash generally have
ash contents in the range of 6 to 10%. No particular component exhibits consistently high or low
ash values across the different varieties analyzed. Conversely, no particular variety exhibits
consistently high or low ash values across its various components. Similar trends are observed
for the volatile matter content, with values ranging from 74 to 80%. Fixed carbon values ranged
from 12 to 17% and tops consistently had 1.5 to 5% (absolute) higher fixed carbon content than
the leaves. Reasons for this difference are not apparent.

Heating values for the sugarcane trash components ranged from 17.7 to 18.9 MJ per kg with the
lower values generally associated with samples containing higher ash content.

Results of the ultimate analyses reveal that N, S, and Cl are generally present in the components
of sugarcane trash at levels generally less than 1%. N levels are in the upper part of this range
(0.7 to 1%) in tops and in a range of 0.2 to 0.5% for leaves and ground trash. The higher N
content in the tops is consistent with active growth and the reduced levels of the other
components can be attributed to N recovery by the plant at the time of leaf senescence.
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S and Cl concentrations in the tops, leaves, and ground trash were consistently in the range from
0.1 to 0.3% and 0.1 to 0.7%, respectively, with no distinct concentration patterns evident
between varieties or trash component.

Results of the analysis of the ash components of sugarcane trash show higher concentrations of
K, P, and Cl in the tops compared to the other two components. The only exception to this is the
P concentration in the ground trash of variety 3567 which is higher than that found in both the
tops and the leaves. Unlike 3567, the P concentrations in ground trash and leaves from variety
4153 are comparable. A possible explanation of this inconsistency may be sample
contamination. Higher K concentrations in the tops are consistent with what would be expected
in actively growing plants. Lower concentrations in the leaves and ground trash may be due to
nutrient translocation by the plant during leaf senescence and leaching that can occur from
contact with rainfall or other water sources.

Greater concentrations of K, P, and Cl in samples of tops are offset by lower concentrations of Si
and Al. Al is often present in plant material analyses due to surface contamination with soil
although this is normally accompanied by elevated levels of soil Fe as well. Leaf and ground
trash components did not contain higher Fe concentrations compared to the tops.

Water soluble alkali measurements provide an indicator of the amount of K and Na present in a
fuel sample that may be expected to volatilize during combustion. As shown in the ash analysis,
K is present in greater abundance than Na in all components of the sugarcane trash, consistently
by an order of magnitude. K present in the tops is consistently more water soluble than that
present in the leaves and ground trash and thus would be expected to contribute vapor phase
alkali in combustion products more readily. Vapor phase alkali sulfates and chlorides can
contribute to fouling of heat exchange surfaces when they condense, forming deposits.

Ash deformation temperatures indicate the range over which ash may be expected to melt and
form slag. Data for oxidizing and reducing environments relate to combustion and gasification
applications, respectively. Ash deformation temperatures measured for the components of
sugarcane trash generally show a minimum difference in initial deformation temperatures in an
oxidizing environment of 100°C between values for tops and those for leaves and ground trash.
Initial deformation temperatures for tops in an oxidizing environment are in a range from 1030 to
1100°C and similar data for leaves and tops fall in a range from 1130 to 1240°C. Greater
differences between deformation temperatures for tops vs. leaves and ground trash were found
for reducing environment data, with the later two components having temperatures 150 to 250°C
higher than those determined for tops.
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Table 1-C. Analysis of sludge from Maui and Kauai waste water treatment plants.

Island Kauai Kauai Kauai Kauai Maui
Waste Water

Treatment

Plant Ele'ele Lihue Wailua Waimea Kahului
Sample ID Sludge Sludge Sludge Sludge Sludge
Proximate Analysis

Moisture 0 0 0 0 0
Ash 21.58 25.33 25.13 32.00 24.48
Volatile 66.77 67.03 68.42 60.75 68.38
Fixed C 11.65 7.64 6.45 7.25 7.14
Heating Value

BTU/Ib 7532 7816 7251 6880 7595
MJ/kg 17.52 18.18 16.87 16.01 17.67
Ultimate Analysis

Moisture 0 0 0 0 0
C 43.13 43.8 41.85 39.19 43.79
H 5.62 5.93 5.29 5.22 591
N 6.30 6.10 6.32 5.39 6.71
S 1.08 1.76 0.94 1.21 0.88
Ash 21.58 25.33 25.13 32.00 24.48
O (by diff) 22.10 19.43 21.75 17.57 18.82
Cl 0.31 0.08 0.12 0.23 0.15
Water Soluble Alkali (%)

Na,O 0.197 0.077 0.317 0.172 0.228
K,0 0.085 0.069 0.237 0.193 0.268
Elemental Analysis of Ash

SiO, 29.92 26.17 27.24 34.77 33.65
AlLO; 23.14 19.53 13.46 14.70 18.23
TiO, 2.29 242 1.31 2.31 2.17
Fe,0; 8.21 9.45 6.07 8.96 8.36
CaO 2.40 12.10 20.60 11.70 11.30
MgO 2.09 1.71 5.94 3.72 3.67
Na,O 1.33 0.53 1.54 0.82 1.37
K,0 0.96 0.64 1.31 1.19 1.71
P,05 29.24 18.43 14.30 20.64 19.62
SO5 0.31 5.51 3.06 1.44 1.73
Cl 0.01 0.00 0.17 0.02 0.11
CO, 0.04 0.28 1.61 0.15 0.15
Ash Fusion Temperature (°C), Oxidizing Atmosphere

Initial 1252 1098 1196 1118 1117
Softening 1366 1123 1213 1160 1145
Hemispherical 1391 1134 1239 1169 1179
Fluid 1420 1142 1248 1197 1182
Ash Fusion Temperature (°C), Reducing Atmosphere

Initial 1259 1098 1181 1114 1097
Softening 1306 1111 1193 1168 1150
Hemispherical 1321 1112 1199 1182 1169
Fluid 1349 1113 1210 1221 1177
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EQUIPMENT LIST
FOR
60T/H BOILER
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BOILER

No. Equipment Qty Particulars
1 Boiler Proper 1 Applicable standard JIS
Type . Water tube boiler
H-1,700 type
Design specification
Steam pressure : Design 40 bar
. Nor. Working 36 bar
Steam evaporation : 60,000 kg/hr
Boiler efficiency :85%
Heating surface 1,700 m?
Draft system : Balanced draft
Burning method : Traveling stoker
with pneumatic spreader
Fuel to be used : Trash & Rice Husk
Fuel consumption : (Trash) 26,300 kg/h
2 Superheater 1 Type : Double stage pendant type
Steam pressure : 33 bar
Steam temperature 425 °C
Steam flow : 60,000 kg/h
Heating surface : 400 m?
3 Economizer 1 Type : Square finned tube type
In/out water temperature :132/190 °C
Water flow : 60,000 kg/h
Design pressure . 40 bar
Heating surface : 800 m?
4 Air preheater 1 Type : Tubular type
Infout air temperature :50/150 °C
Heating surface 1,000 m?
Accessories : Steam air heater
(Air temp : 25/50 °C)
5 Mechanical soot blower 1 Type : Steam jet,
automatic operation type
6 | Combustion equipment 1 Type : Traveling stoker

with pneumatic spreader,
with ignition burner
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Draft equipment
(1) Forced draft fan

(2)Recovery forced draft fan

(3)Secondary forced draft fan

(4) Induced draft fan

(5) Air and gas duct

(6) Electrostatic precipitator

Type

Volume

Static pressure
Temperature
Motor power

Type

Volume

Static pressure
Temperature
Motor power

Type

Volume

Static pressure
Temperature
Motor power

Type

Type

Particle in flue gas
(corrected @7% O2)
Flue gas temperature

: Motor driven,

direct coupled turbo type

: 1,670 m3/min
: 210 mmAq
:25 °C

110 kw

. 7.5kw

: Motor driven,

direct coupled turbo type

: 830 m¥/min
: 300 mmAq
1150 °C
;75 kw

: Turbine driven,

double suction direct coupled, turbo
type

: 3,430 m3/min
: 250 mmAq
:200 °C

. 250 kw

: Mild steel made

: Dry type, horizontal gas flow type
: (Inlet) 8.0 g/Nm3

: (Outlet) 120 mg/Nm3

:200 °C

(7) Stack Type - Mild steel made,
self-standing type
Diameter :2.2m
Height :40mH
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Feed water equipment

(1) Feed water pump driven with
motor

(2) Deaerator

Type

Capacity
Delivery pressure
Temperature
Motor power

Type

Capacity
Operation pressure
Storage capacity
Dissolved oxigen

: Motor driven, centrifugal pump
: 72,000 kg/h

. 43 bar

1132 °C

: 150 kw

: Pressure spray type
: 60,000 kg/h

: 2.7 bar

: 10 min

:0.03 ppm

(3) Deaerator lift pump Type : Motor driven, centrifugal pump
Capacity : 72,000 kg/h
Delivery pressure .10 bar
Temperature .55 °C
Motor power : 45 kw
9 Continuous blow down equipment Type . Flash tank type, Retun the flush
steam to deaerator type
Capacity - 3,000 kg/h (Max.5% below)
Flash tank pressure - Max. 10 bar
:Nor. 6 bar
10 | Chemical injection equipment
(1) High pressure dosing Type : Continuous dosing,plunger type
:4.0L/Mh
Capacity : 45 bar
Delivery pressure : 2-injection pump (0.4kw)
Parts furnished : 1-chemical tank (200 litter)
: 1-agitator (0.2kw)
: Diaphragm type
(2) Low pressure dosing Type :4.0L/Mh
Capacity : 10 bar
Delivery pressure : 2-injection pump (0.03kw)
Parts furnished : 1-chemical tank (200 litter)
. 1-agitator (0.2kw)
11 Demineralizer Type : Automatic operation type
Capacity :15.0 m3/h
Parts furnished : 2-Demineralized Pump (15 kw)

: 1-Demineralized Tank (30 md)
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Fuel handling system
(1) Fuel feed conveyor

Type
Capacity
Motor power

: Single deck type, Flight conveyor
:30 T/h
. 37 kw

(2) Service silo Type : Screw-feeder discharge, cubicle silo
type
Capacity +150 m?
Parts furnished +2-Level swich
: 4-Discharge screw feeder (3.7kw)
: 4-Gate damper
13 | Ash handling system
(1) No.1 Ash conveyor Type : Wet type double chain conveyor
Capacity :3Th
Motor power 5.5 kw
(2) No.2 Ash conveyor Type - Inclined, double chain conveyor
Capacity :3Th
Motor power 5.5 kw
(3) Ashbin Type : Ground elevated cubicle type
Capacity ;50 m3
(4) No.1 Dust conveyor Type : Wet type double chain conveyor
Capacity :1Th
Motor power 2 3.7 kw
(5) No.2 Dust conveyor Type : Inclined, double chain conveyor
Capacity :1Th
Motor power 2 3.7 kw
(6) Dust bin Type : Ground elevated cubicle type
Capacity :30msd
14 | Instrument and Control Type : Distributed Control System
: Operation console
(CRT, operation key-board)
Accessories : 2-Air compressor (7.5kw)
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MOTOR LIST

Electric source

- Induced draft fan

- Feed water pump

2 - Deaerator feed pump

1 - Forced draft fan

1 - Secondary forced draft fan

1 - Furnace draft controller

2 - High pressure dosing

2 - Low pressure dosing

2 - Agitator for chemical tank

2 - Rotary valve for under drum

2 - Rotary valve for under Economizer
- Rotary valve for under ESP

- Seal fan for ESP

- Main steam stop valve

- Above by pass valve

- Start up vent valve

- Speed motor for traveling stoker
2 - Air compressor

N —

1
1
1
1
1
1

4 - Discharge screw conveyor (Silo)

1 - No.1 husk feed conveyor

2 - No.2 husk feed conveyor

1 - No.1 Ash conveyor

1 - No.2 Ash conveyor

1 - Double damper with geared motor
1 - No.1 Dust conveyor

1 - No.2 Dust conveyor
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ORDER NO. TS-5440

GENERAL DESCRIPTION _ MODEL | DNG124-70

~ DRAWING NO. | TH13040 | REvV.0

All equipment covered with this plant shall be designed and manufactured conforming to the
following condition.

APPLICABLE STANDARD

(1) Jis ¢ Japanese Industrial Standard

(2) JEC ¢ Standard of the Japanese Electrotechnical Committee

(3) JEM . The Standard of the Japan Electrical Manufacturer's Association
(4) AGMA  :  American Gear Manufacturer's Association, USA

(5) Manufacturer's Standard

UNIT
The metric system shall be applied to all of designing work, instruments, gauges and etc.

GUARANTEE

The guarantee shall be valid for the period of either 18-month after shipment or 12-month

after installation, whichever shorter.

The guarantee shall be covered against manufacturer's defect in design, materials and
workmanship shall not be applicable to damages sustained through mishandling of the equipment,

DISPATCHING OF ENGINEER
Dispatching of engineer to the site for final check of installation and trial operation shall be
prescribed by a separate contact for this regard.

SPARE PARTS & SPECIAL TOOLS

Spare parts and special tools for erection and commissoning shall be supplied with manufacturer's
standard.

(1) Erection and commissioning

(2) 2-year operation (option item)

(3) Special tools

EXCEPTION OF SUPPLIES
Following equipment, materials and works are out of supply.
(1) Civil works
(2) Building and foundation
However, outline drawing of foundation and loading data shall be submitted.
(3) Overhead traveling crane
(4) Lighting facility
(5) Piping with valves, wiring and cabling not specified in this specification.
(6) Utility
Cooling water
Compressed air
Electric source for installation work
(7) Consumable materials
Flushing oil, lubrication oil, grease, waste and etc.
(8) Electric equipment
Any items requested by public electricity board in regard to parallel operation with
them shall be arranged by purchaser.
(9) All other equipment, materials and works not specified in this specification,
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ORDER NO. TS-5440
TURBINE SPECIFICATION MODEL ~ DNG124-70
 DRAWING NO. THI3041 | Rev.o
TYPE RATEAU 12 STAGES. IMPULSE, CONDENSING TYPE
WITH REDUCTION GEAR -
QUANTITY 1 SET
1. DESIGN AND OPERATING CONDITIONS
DESIGN CONDITION TURBINE RATED
GENERATOR OUTPUT C W) 10000 - )
TURBINE SPEED ( mm ) 4059 S
OUTPUT SHAFT SPEED ( mom ) 1500 1 _ -
INLET STEAM FLOW ( k/h ) 46000 |
~ EXTRACTION STEAM FLOW ( ke/h ) - [
MAX. INLET STEAM FLOW ( ke/h ) 47300 |
STEAM CONDITION NORMAL [ DESIGN
INLET STEAM PRESS. ( barg ) 325 ' 34
INLET STEAM TEMP. ¢t © »y [ 425 435
 EXTRACTION STEAM PRESS. ( barg ) " - -
EXTRACTION STEAM TEMP, { T ) - -
EXHAUST STEAM PRESS. ( barA ) 0.1 10 (barg)
EXHAUST STEAM TEMP, ( © ) 458 -
 EXHAUST MOISTURE CONTENT  ( 9% ) 52 ) -
‘SITE CONDITION
AMBIENT TEMP. | AVERAGE *c N - =
~ LOCATION ' INDOOR -
UTiLITy '
COOLING WATER | DESIGN TEMP. BT -
| MAX. TEMP, -
| DESIGN PRESS. * barg B o
NORMAL PRESS. | = barg - o
QUALITY FRESH WATER
ELECTRIC SOURCE | POWER | AC 380V x 50Hz x 3¢
POWER DC 100V ;
CONTROL DC 100V . S
INSTRUMENT AC 110V x 50Hz x 3¢

2. CONSTRUCTION FEATURES

| FORCED FEED OIL

TURBINE CASING
TURBINE ROTOR -
ROTATION | TURBINE SHAFT |
3 SEE OUTLINE DRAW. | OUTPUT SHAFT |
CRITICAL SPEED |1t CRITICAL 1
| 2nd CRITICAL
BEARING  RADIAL BEARING
THRUST BEARING |
LUBRICATION
'GOVERNING DEVICE
~ GOVERNOR VALVE TYPE
| NUMBER OF VALVE |
GOVERNOR [TYPE
MODEL ,
MANUFACTURER |
CLASSIFICATION |
SPEED RANGE
'ELECTRIC SOURCE
| AGTUATOR TYPE
SERVOMOTOR I TYPE

HORIZONTAL, - SPLIT
Soup

~ CW_(FACING TOWARD DRIVEN MACHINE)

CCW (FACING TOWARD DHWEN MACHINE)
3000 rpm
11300 rpm
SLEEVE
TILTING PAD & TAPER LAND

4 VALVES
_ ELECTRIC - DIGITAL

SIJS

WOODWARD GOVERNOR COMPANY
NEMA CLASS : D
+6 % -
DC 100V

_ ELECTRIC & HYDRAULIC (UG AGTUATOR)
HYDRAULIC AMPLIFIER

- SHINKO IND. LTD.




2007 _Master Spec DNG1 24 wnna

(2/8)

EMERGENCY TRIP DEVICE _
EMERGENCY STOP VALVE | TYPE HYDRAULIC MECHANICAL -
OVERSPEED TRIP DEVICE TYPE MECHANICAL ({ ECCENTRIC RING )
 ELECTRIC '
SOLENOID TRIP DEVICE SOLENOID VALVE (DC 110V / ENERGIZED TRIP ) S
MATERIAL
ESV.CASING | Cr-Mo CAST STEEL TURBINE ROTOR | Cr-Mo-V STEEL
TURBINE CASING Cr-Mo CAST STEEL | BLADE | STAINLESS STEEL
NOZZLE * SEE MATERIAL UST | SHROUD | STAINLESS STEEL
DIAPHRAGM | * SEE MATERIAL LIST LABYRINTH PACKING Ni-BRASS
HYDROSTATIC TEST PRESSURE B
HIGH PRESSURE CASING 51 barg -
LOW PRESSURE CASING 20 barg
CONNECTIONS ~INLET - EXHAUST ~
SIZE ( mm ) 250 - 1200 -
RATING & FACING o ANSI 600LB-RF - 1350 -
POSITIONS SIDE - BOTTOM -
STEAM VELOCITY (m/s) 24.1 - 1218 -
3. REDUCTION GEAR
TYPE - SINGLE STAGE
GEAR TYPE - DOUBLE HELICAL i
SPEED ~|INPUT / OUTPUT 4059 / 1500 rpm
SERVICE FACTOR | 13 (AGMA421) o a
EFFICIENCY . 985 %
TURNING DEVICE | DRIVER TYPE | ELECTRIC MOTOR _ S
11 kW X 1500 rpm
| AC 380V x S50Hz x 3 @
4. OIL SYSTEM
OIL RESERVOIR
""" TYPE INDEPENDENT OIL UNIT
 TANK CAPACITY 4000 0 -
OIL GRADE “ TURBINE OIL ISO VG 32 '
DIMENSION T L :32m X W :27m x H - 26m .
WEIGHT (DRY / FULL) | 3100 kg / 6500 kg o
MAIN OIL PUMP - i
TYPE o - GEAR PUMP R .
 QUANTITY 1 SET
CAPACITY x DISCHARGE PRESSURE 50 mi/h X 10 barg R
MATERIAL | CASING CAST IRON -
| GEAR CARBON STEEL
| DRIVER TYPE - ~ R/G SHAFT END DRIVEN -
AUX. OIL PUMP -
TYPE GEAR PUMP -
QUANTITY 1 SET
CAPACITY x DISCHARGE PRESSURE 50 m’/h X 10 barg i I
MATERIAL CASING " CAST IRON - o
N | GEAR CARBON STEEL
 DRIVER TYPE ' i | ELECTRIC MOTOR  / 37 kW X 1000 rpm -
AC 380V x S0Hz X 3 @ ' ]
EMERGENCY OIL PUMP .
TYPE GEAR PUMP
QUANTITY - I SET i
| CAPACITY x DISCHARGE PRESSURE 10 mi/h % 1.7 barg - o
MATERIAL CASING CAST IRON
1 GEAR CARBON STEEL -
~ DRIVER TYPE ELECTRICMOTOR  / 22 kW x 1800 rpm
DC 100V - o
88 SHINKO IND.LTD.
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OIL FILTER FOR CONTROL OIL
TYPE

DUPLEX BASKET WITH MAGNET

OIL COOLER _
 TYPE - SHELL AND STRAIGHT TUBE TYPE
QUANTITY 1 SET ' .
GOOLING SURFACE ) 40 - B
~ COOLING WATER 35°C X 80 m/h )
OIL FILTER FOR LUBE OIL ' o
TYPE ' - [DUPLEX BASKET WITH MAGNET B
QUANTITY [ 1 SET -
FILTRATION 1 150 mesh - h
MATERIAL | cASE CAST IRON
ELEMENT STAINLESS STEEL | N . o

 QUANTITY 1 SET
FILTRATION 150 mesh -
MATERIAL CASE CAST IRON o '
ELEMENT * STAINLESS STEEL
OIL VAPOR EXTRACTION FAN -
CTYPE I | CENTRIFUGAL FAN . =
QUANTITY 1 SET
DRIVER - | ELECTRICMOTOR / 04 kW x 3000 rpm
| AC 380V x 50Hz x 3¢
5. COUPLING
HIGH SPEED SIDE
TYPE o ~ FLEXIBLE DISC WITH SPACER N
LOW SPEED SIDE - -
| TYPE S | FLEXIBLE DISC WITH SPACER

6. SEALING STEAM CONTROL DEVICE

 HIGH TEMPERATURE PORTION

| |SILVER

' TURBINE CONTROL PANEL
SOUND LEVEL

SOUND LEVEL AT'_F'uu. LOAD

| ]MU_NSELL 5Y 7/1

| | LESSTHAN 90 B (A)at1m (EACH EQUIPMENT )

CONTROLLER _
TYPE ELECTRIC & INDICATING CONTROLLER =
ACTION - | P.LACTION - -
CONTROL VALVE - o |
MAKE UP VALVE TYPE DIAPHRAGM VALVE o
~ SPILL VALVE TYPE N DIAPHRAGM VALVE
SUPPLY STEAM ‘ 325 barg x 425 C . - ol
7. OTHERS
WEIGHT _
TURBINE 30000 kg |
~ ROTOR - 4300 kg
TURBINE CASING COVER 9000 kg -
REDUCTION GEAR UNIT 9000 kg i o
 WHEEL | 2000 kg
DIMENSION
| TURBINE & REDUCTION GEAR | L :6ITm x W :45m X H :32m
PAINTING . - '
 TURBINE & REDUCTION GEAR 'MUNSELL 7.5 BG 7/2 . B}
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ORDER NO. TS-5440
STEAM CONSUMPTION CURVE MODEL DNG124-70
DRAW. NO. TH13064 REV. 0
MESSRS.
SERVICE STEAM TURBINE FOR GENERATOR
PROJECT
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OUTPUT (kW)
Output 10000 KW Approved by 222
P i
Speed of Turbine Shaft 4059 rpm Checked by
Speed of Output Shaft 1500 rom Drawn by A~
V4
Inlet Steam Pressure 32.5 barg
Inlet Steam Temperature 425 il REMARKS
Exhaust Steam Pressure 0.1 barA W= 408 P +£&138
P €4 (Mw)
Exhaust Steam Enthalpy 586.9 keal/kg M
W, Z&8(tk)
Steam Consumption (3%Tolerance) 46000 ke/h

SHINKO IND. LTD.
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(Translat™n)

REGULATIONS FOR
THE PURCHASE OF POWER
FROM SMALL POWER
PRODUCERS

(For Electricity Generated From Non-Conventional
Energy,
Waste or Residual Fuel
and
Cogeneration)

Electricity Generating Authority of Thailand (EGAT)
Metropolitan Electricity Authority (MEA)
Provincial Electricity Authority (PEA)

January 1998
(Revision August 2001)
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Attachment No.3

ANNOUNCEMENT

Subject : Regulations for the Purchase of Power from
Small Power Producers (SPPs)

1. Capacity Requirement from Each SPP

EGAT will purchase not exceeding 60 MW of capacity from each SPP to be
supplied to the Power Utility (PU) system at the connection point. In the
event that the proposed capacity exceeds 60 MW, the PU will consider the
capability and security required by the system; EGAT will consider this matter
on a case by case basis but the capacity purchased from each SPP shall not

exceed 90 MW.
2. Operations of Power Generation and Distribution

In order to maintain the overall system security, the SPP shall be able to
reduce its power supply during the PU system’s off peak demand period, i.e.
from 21.30-08.00 hrs., to no less than 65% of the capacity indicated in the
contract. In this case, EGAT will notify the SPP at least 30 minutes in

advance.

The SPP located in the eastern area of the Gulf of Thailand, i.e. Cha-choeng-
sao, Prachinburi, Chonburi, Rayong, Chantaburi, and Trad provinces must be
able to reduce its power supply during the PU system’s off peak demand
period to no less than 40% of the capacity specified in the contract until the
construction of the 500 kV transmission system is completed in around the
year 2001. After that the reduction of the capacity supply will be adjusted to
no less than 65% of the contracted capacity. In this regard, EGAT will notify
the SPP at least 30 minutes in advance.

RFP-SPP(27 it 45) 95
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Attachment No.10

ANNOUNCEMENT

Subject : Purchase Price for Power Supplied by Small Power Producers with Firm
Contract Using Renewable Energy Entering into the Voluntary Program of the Energy
Conservation Promotion Fund under the Promotion of Small Power Producers Using
Renewable Energy Project

Pursuant to the cabinet resolution on July 10, 2001 concerning the power purchase price
for Small Power Producers (SPPs), EGAT hereby changes the Announcement of Purchase
Price for Power Supplied by Small Power Producers dated 5 November, 1997 in section
of the power purchase price for SPPs with Firm contract and using non-commercial fuels
as follows:

- non-conventional energy such as wind, solar, minihydro energy ; or

- waste or residues from agricultural activities or industrial production processes ; or

- products derived from waste or residues from agricultural or industrial

production processes ; or
- garbage (e.g. municipal waste) ; or
- dendrothermal sources (e.g. tree plantations).

Power purchase price for SPPs entering into the Voluntary Program of the Energy
Conservation Promotion Fund under the Promotion of Small Power Producers using
Renewable Energy Project and Power purchase price for the additional capacity of SPPs
with contracts prior to 16 June, 2000 entering into the Voluntary Program of Energy
Conservation Promotion Fund will be as follows

Capacity Payment (CPy)

Cp2he = CP, (0.80 (FXy/38) + 0.20) Baht/kW/month
where:

Cpee = Capacity Payment in the montht  (Baht/kW/month)

CP, e = Base Capacity Payment (Baht/kW/month)

Term of Contract Capacity Payment (CP)
(Baht/kW/month)

Greater than 5 years but not exceeding 10 years 217
Greater than 10 years but not exceeding 15 years 270
Greater than 15 years but not exceeding 20 years 301
Greater than 20 years but not exceeding 25 years 400

RFP-SPP(27 NY 45)
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FX, = the average U.S.dollar Exchange Rate of the buying and selling rate made
via telegram on the last day of the month t that the commercial banks apply
to customers as published by the Bank of Thailand (Baht/U.S. dollar).

Energy Payment (EP)

EPtothers

where :
EP others
t
EP others
o

Estothers
the

P,

PO

Heat Rate

Effective as of 10 July, 2001.

RFP-SPP(27 NU 45)

EPOOtheI‘S + Estothers Baht/l(Wh

Energy Payment in the month t (Baht/kWh)
Base Energy Payment = 1.49  Baht/kWh
the price adjustment factor in case of using other fuels in

month t (Baht/kWh)
(1/10°% x (P, — P,) x Heat Rate (Baht/kWh)

the price of natural gas that PTT sold to SPPs in the month t
(Baht/millionBtu)

the price of natural gas that PTT sold to SPPs in January
2001 which is used as the base for calculation at the rate of
151.4518 Baht/millionBtu

the average fuel consumption in order to generate energy =
8,600 Btw/kWh

Announced on 1 August, 2001

(Vitaya Kotcharug)
Govemor, Electricity Generating Authority of Thailand
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Wood Energy Data: Fuel Characteristics
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Fuel Characteristics

Wood Energy Data

When using wood and biomass as fuels, important properties are energy
content, moisture content and ash content.

Energy Content

Energy content, or heating value is expressed as the amount of energy per
physical unit, e.g. joule per kilogram. This is the amount of energy that is
released in the form of heat when the fuel is burned completely. The Gross
Heating Value (GHV) refers to the total energy released whereas the Net
Heating Value (NHV) refers to the energy that is actually available from
combustion after accounting for energy losses from water evaporation.

Moisture Content

The moisture content indicates the amount of water in the fuel, expressed as a
percentage of the weight. For wood and other biomass, moisture content is
the most critical factor determining the amount of heat that can be obtained
through combustion. When burning the fuel, the water needs to be
evaporated first, before heat becomes available. Therefore, the higher the
moisture content, the lower the energy content.

Ash Content

This refers to components that are non-combustible (other than water), which
affects the energy content of fuels.

For wood and other biomass that is completely dry and ash free, the GHV is in
the order of 20 MJ/kg (015%).

The table below gives typical values for major fuels. Data are from the Energy
and Environment Basics.

Net Heating Value Moisture content

on wet basis . Ash content
on wet basis

(MJ/kg)
Bagasse 7.7-8 40 - 60 17-38
Coconut shells 18 8 4
Cotton stalks 16 10- 20 0.1
Maize cobs 13-15 10-20 2
Rice husks 14 9 19
98

http://www.rwedp.org/d_fuelchar.html (1/2)2004/03/15 14:53:33


http://www.rwedp.org/index.html
http://www.rwedp.org/public.html
http://www.rwedp.org/wen.html
http://www.rwedp.org/issues.html
http://www.rwedp.org/members.html
http://www.rwedp.org/d_database.html
http://www.rwedp.org/links.html
http://www.rwedp.org/about.html
http://www.rwedp.org/contact.html
http://www.rwedp.org/rm29.html
http://www.rwedp.org/rm29.html

Wood Energy Data: Fuel Characteristics

Straw 12 10 4.4
Wood 84-17 10 - 60 025-1.7
Charcoal 25-32 1-10 05-6

Apart from these characteristics, biomass fuels show a large variation in other
properties such as bulk density, volatile matter content and size. These also
influence the choice of conversion technology suitable for a particular fuel.
For example, fuelwood can be used with little need of pre-processing, whereas
agricultural residues require more pre-treatment to make handling and
transport easier, for example briquetting.

Back to the top

&

Comments, questions? Contact RWEDP
0 FAO-RWEDP, 31/12/02
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A. General description of project activity

A.l1  Titleof theproject activity:

Sugarcane Trash and Rice Husk Power Cogeneration Project in Thailand (The Project)

A.2  Description of the project activity:

A.21  Purposeof the project activity:

The Project is designed to utilize for electricity generation biomass (sugarcane top and leaf
[trash] and rice husk) that would otherwise be left to decay on the fields. This effort will assist
Thailand to achieve sustainable growth by providing electricity through biomass power
production without relying on fossil fuel combustion, as well as improving the disposal by

efficient use of major sources of agricultural waste.

It involves the construction and operation of a new biomass fuel power plant in Ratchaburi
province, central Thailand, with approximately 9.64MW gross generating capacity, 8MW net.
This dtate-of-the-art plant consisting of a boiler, turbine and generator will be built
independently on the project site adjacent to the premises of Rajburi Sugar Co., Ltd. (RSC). In
order to contribute to the local socio-economy, two major biomass resources available in large
guantities in Thailand will be utilized by the Project: trash will be used during the sugar
production period, while rice husk will be purchased on the market as an aternative to trash
during the non-production period. Electricity will be sold through a 30-year power purchase
agreement (PPA) with the Electricity Generating Authority of Thailand (EGAT).

Inviting alcohol manufacturing factories to the neighbouring area of the project plant is aso
planned to supply surplus thermal energy generated by means of a highly efficient cogeneration
system, which leads additionally to the reduction of CO, emissions in the brewing process.

A.2.2  Contribution to the sustainable development of the host country:

According to the EGAT Power Development Plan (PDP) 2003, Thailand ‘s demand for
eectricity will increase from 108,389 GWh in 2002 to 147,835 GWh in 2007 with a general




increase of about 5 to 6% per year, reaching 249,878GWh in 2016. In parallel, EGAT set aplan
to enhance its total installed generation capacity from 25,377.8MW in 2003 to 45,417.6 MW in
2016. Against this backdrop, securing steady supply sources of electricity is a matter of vital

importance for the Thai economy.

Sugarcane and rice have always been Thailand’'s flagship agricultural products, with crop
production in 2003 of some 74 million tonnes and 27 million tonnes respectively. Conseguently,
trash and rice husk represent particularly rich biomass energy resources for Thailand. These
renewable energy sources currently fuel less than 1% of Thailand’s electricity generation, which

isdominated by natural gas, lignite and imported fuel oil.

Recognising the potential contribution of renewable energy to the Thai energy mix, the
government has placed great importance on supporting environmentally friendly, indigenous,
and renewable sources of energy. According to the interview with EGAT, the government has
entered into consideration to increase renewable energy supply to 4% of the nation’s total

electricity generation in the future.

By using biomass to displace fossil fuel in power generation, the Project will largely contribute
to the development of renewable energy sources as a solution for Thailand's growing energy
requirements. In addition, the Project will have an added contribution to the country’s
sustainable development, in that it will promote industrial modernization and local employment

by adopting advanced Japanese technologies.

A.3  Project participants:

Rajburi Sugar Co., Ltd. (RSC)

RSC is one of the leading sugar manufacturing companies in Thailand. As the loca
counterparty of the Project, RSC supports activities of the Special Purpose Company (SPC) by
providing advisory information and operational technologies. A full-time project development
and management staff at RSC will manage SPC, which undertakes comprehensive development

and finance responsibility. RSC also funds the Project.

Kansai Environmental Engineering Center Co., Ltd. (KANSO) - Official Contact
KANSO is involved as CDM advisor and an investor in the Project. A speciaist in

environmental engineering business for more than 30 years, KANSO has been stepping up



efforts to deal with global environmental issues in recent years. KANSO is a part of the group

of Kansai Electric Power Co., Inc., the second largest utility company in Japan.

A.4  Technical description of the project activity:

A.41  Location of the project activity:

A.411 Host country Party(ies):

The Kingdom of Thailand

A.4.12 Region/State/Provinceetc.:

Ratchaburi Province

A.413 City/Town/Community etc:

9 Moo 6 Berkprai, Baan Pong



3,
=
/

KA
Ratchaburi M.
Province

Lkt Lot L]
o ENL R

i s f
g ]i f“},fﬁ‘-rmﬁ(fr"'-r
e - e
. ¢« | Rajburi Sugar Plant |}
-—_-—_';‘__‘I'r_l'b;f’k -'“":""'-'l'l-'-""-l:l,‘_‘_l-_:--.'-[f._!" .
v ? e e | gmaren )
:""-f
e —_—
i—“ul'-_;.
g -
e

Figure 1. Location of the project site in Thailand
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Detailed description of the physical location, including infor mation

allowing the unique identification of this project activity:

The plant will be located on a 7-hectare site adjacent to the RSC premises in Ratchaburi

province, approximately 100km west of Bangkok.

RSC has long-term agreements with

approximately 500 sugarcane farmers principally within 90 km of its plant.

| | Project plant

| (To be constructed)
|

| RSC plant
| | (Existing)

l

Depositing reservoir

Figure 2. Image of the project site

Most of the country’s sugar factories including the RSC plant are located in Central Thailand.

This area is the source of 40% of the national sugarcane production, with 25.2 million tonnes

yielded in 1995-96".

! Source: The EC-ASEAN COGEN Programme (NEPO), * Evaluation of Conditions for Electricity

Production Based on Biomass' 1998



Accounting for 1 to 2% of the nation’s total, RSC annually produces 863,200 tonnes of

sugarcane on average, of which 73,200 tonnes are unused as trash®.

It is noteworthy that RSC established a new local irrigation system named “Norng Punchan
Project” for sugarcane cultivation, covering over 630 acres and 147 cane farmers. Supported by
the co-operative effort of the Department of Irrigation, this national pilot project with an
extensive network of irrigation canals well-adapted to the rich local aluvia plain, received
funding totalling 96 million Baht from the Asian Development Bank (ADB).

A.42  Typeand category(ies) and technology of project activity:

A.421 Typeand category(ies) of project activity:
The Project will use the following type and category(ies):
Type-1.D. - Renewable electricity generation for agrid
The Project conforms to the project type and category selected because it uses renewable
biomass in the form of trash and rice husk as fuel at a power plant with 9.64MW planned
capacity, to generate electricity for agrid (EGAT).

A.4.22 Electricity salesto EGAT:
The main channel for EGAT’s purchases of renewable energy is the Small Power Producer
Program®. RSC will apply for a 30-year firm power purchase agreement (PPA) with EGAT
under the SPP Program. Considering the maximum capacity of the existing grid connected to

the RSC factory, it is expected to sell 8MW to EGAT, while the plant will be designed to
generate 9.64MW electricity. As per EGAT's request specified in the SPP program, however,

% Refer to Appendix A for more details on biomass supply

3 A Small Power Producer (SPP) can be a private, government or state enterprise that generates electricity
either (a) from non-conventional sources such aswind, solar and mini-hydro energy or fuels such as
waste, residues or biomass, or (b) from conventional sources provided they also produce steam thorough

cogeneration.



the electricity to be sold during the night on Weekdays should be 75 % of the daytime quantity.
This rule is aso applied to the supply on Sundays and Holidays. Thus, the plant will supply a
contracted capacity of 8MW in daytime and 6MW in nighttime on Weekdays, and 6 MW in all
day on Sundays and Holidays.

Given RSC's plan to operate the plant for 13.5 hours in daytime and 10.5 hours in nighttime,
330 days ayear, the total electricity to be generated by RSC will be 76,348.8MWh/yr:

9.64MW x 24hr x 330days = 76,348.8MWh/yr

With the aforementioned hourly and weekly fluctuations of supply taken into consideration, the
expected amount of electricity salesto EGAT will be 54,810MWh/yr:

1) Daytime on Weekdays: 8 MW x 13.5hr x 270days = 29,160MWh/yr
2) Nighttime on Weekdays. 6 MW x 10.5hr = 270days = 17,010MWh/yr
3) Sundays and Holidays: 6BMW x 24hr x 60 days = 8,640MWh/yr

1) + 2) + 3) =54,810 MWhiyr

The Project, on the other hand, plans to supply surplus thermal energy generated through
cogeneration to alcohol brewing plants to be invited by the Project, which require steam for
processing of molasses to make alcohol products. Securing 78% of the remaining electricity or
19197.8MWh/yr for internal use at the project plant, the Project will sell the other 22% or
2,341IMWhlyr of electricity to the alcohol manufacturers.

To sum up, the Project expects to produce approximately 76,348.8MWh of eectricity annually,
of which 54,810MWh will be sold to EGAT, 2,341MWh to the brewing plants, and the
remaining 19197.8MWh will be consumed internally at the project plant.

A.423 Technology to betransferred:

The Project differs from any other projects seen in Thailand for biomass power generation.
While other projects simply rely on a single biomass fuel for the supply to be used at their
power plants, the Project sources two major sources of agricultural waste: trash and rice husk. It

should be particularly noted that the Project plans to use trash as a precedent in Thailand, as it



was previously believed to be unprofitable as fuel since it requires additional work for

collection. Without the Project, trash would continue to be left to decay on the fields.

The mechanization of trash collection on the initiative of the Project is of great significance in
terms of technology transfer. As illustrated in Figure 4, it will be implemented by improving
the existing harvesters, by installing specially designed trash containers. In addition, high-
performance harvesters with the same feature will also be newly introduced. This will lead to
the reduction of the labor by replacing manual collection, resulting in an increase of a
mechanized ratio of overall farm work up to nearly 70% at RSC farms.

Proposed container
for trash collection
(Detachable)

Figure 4. Image of the container for trash collection



Tsukishima Kika Co., Ltd. (TSK), a Japanese environmentally-oriented engineering company,
will undertake the overall design for the project plant. The plant will operate using a water tube
boiler well adapted for combustion of trash, which requires a greater quantity for power
generation compared to other biomass resources. TSK will also provide know-how on

combustion technologies.

The Project also intends that ash derived from trash combustion at the plant to be restored due to
its nutrient value as a fertiliser. These efforts will eliminate the environmental issue of trash
disposal while at the same time reduce GHG emissions from sugar manufacturing using fossil
fuel. As the precedent using this state-of-the-art technology in Thailand, the Project represents

an important case of technology transfer.

A.4.3  Brief statement on how anthropogenic emissions of greenhouse gases (GHGS)

by sources areto bereduced by the proposed CDM project activity:

The Project will reduce anthropogenic GHG emissions by displacing fossil fuel-based electricity
generation with GHG-neutral biomass electricity generation. GHG reductions will be achieved
by the Project from two emissions sources — grid electricity generation and brewing process at
alcohol manufacturing factories. The latter source, however, is not included in emission
calculations to provide conservative and simplified figures. As determined in section E, the
Project will generate on average approximately 35,188 tonnes of CERs annually, or 246,316

tonnes for the entire 7-year initial crediting period.

A.44  Publicfunding of the project activity:

The financial plans for the Project do not involve public funding from Annex | countries.

A.45  Confirmation that the small-scale project activity is not a debundled

component of a larger project activity:

The Project can qualify to use simplified modalities and procedures for small-scale CDM
project activities, on the ground that this particular project was origindly initiated and
developed by the project participants by whom no other CDM project activities were previously

conducted.



B. Baseline methodology

B.1  Titleand reference of the project category applicableto the project activity:

Title: Renewable Energy Project - Renewable Electricity Generation for a Grid

Reference: Type 1.D Appendix B of simplified M& P for small-scale CDM project activities

B.2 Project category applicableto the project activity:

The proposed CDM Project activity is a renewable energy project and will be utilizing biomass
combined heat and power (co-generation) system that supplies electricity to agrid. Hence, the
methodology as described in Type 1.D of Appendix B, which is designed for renewable
electricity generation for agrid, is suitable for the proposed project activity.

B.3 Description of how the anthropogenic GHG emissions by sour ces are reduced
below those that would have occurred in the absence of the proposed CDM pr oject

activity:

B.3.1  Judtification of using smplified methodologies:

As per item 25 Appendix B of simplified M&P for small-scale CDM project activities, the sum
of all forms of energy output shall not exceed 45MWerma t0 qualify as a small-scale CDM for
co-generation system. In the Project, the rated output of the first boiler is 60t/y, which is
equivalent to approximately 42MW (<45rMW) on applying the formula, steam 1kg/h  0.7kW.
Therefore, the Project qualifies as a small-scale CDM for the co-generation system.

B.3.2  Assessment of additionality:
The Ministry of Agriculture and Cooperatives stipulated in their short-term development policy
that cost of harvest should be reduced by using harvesting machines to strengthen its

competitiveness in the international market. The Project promotes this policy by introducing

additional new type of harvesters. In addition, the Project Activity will be the first in Thailand
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to apply co-generation technology by utilising sugarcane trash as fuel. Necessary construction
materials and equipment will be purchased from local companies for the construction of the new
plant, and local workers will be recruited for the operation and management of the new plant
where they can gain experience and be trained in this new technology that has not been seen

previously in Thailand.

Investment Barrier
IRR without the Project (without CER) is estimated to be only 4.98%. The current interest rate
on the long-term national bond of Thailand (A" -rated by the rating firm S& P) is approximately
6%. This indicates that a number of financially more viable alternatives to the project activity
would be available to potential investors in the host country, and that such alternative project
activities would have led to higher emissions in comparison to the proposed activity, in which
only biomass fuel would be utilized for power cogeneration.
If registered under the CDM scheme, as earlier mentioned above, the Project will generate
35,188 tonnes of CERs annually. At the price of US$5, the CERs will enhance the Project’s
IRR by 1.15% to 6.13%. In the eye of the investors, therefore, one of the benefits of the Project
isits CDM potential.
An added incentive for investors is the higher status associated with CDM designation. The
Project will publicly highlight its participants’ environmental commitment, and will also confer
benefit of pioneering the learning experience for the CDM process.
In view of the above, the proposed project activity would not occur anyway mainly due to the
investment barrier. Hence, the Project is additional and would generate additional emission

reductions.

B.4 Description of the project boundary for the project activity:

Of the following 5 steps of the Project, the Project boundary related to the baseline
methodology is shown within the dotted line in the Figure 5.
- During sugar production period, collect trash into bags when emitted from the
harvester and deliver them to the new power plant.
- During non-sugar production period, rice husk will be purchased from rice milling
plants and delivered to the new power plant.
- Crush trash and rice husk by crushing equipment. Use them as boiler fuel to
produce 60t/h steam, and generate 9.64MW electricity.

11



- 8MW out of 9.64MW electricity is sold to EGAT during daytime. (6MW, which is
equivalent to 75% of the daytime quantity, is sold to EGAT during the night on

weekdays and throughout the day on Sundays and national holidays.)
- 7t/h out of 60t/h steam is supplied to acohol factory.

sugarﬂ existing Cane »| sugar factory EGAT
harvester
pmmmmmmmm e m e e
| Trash sell electricity totalling 8M
sugarcane i new crushing ‘ electricity internal
T | haveser [sugar | eauipment | boiler > turbine e electricity
production
. eriod
rice husk P

________

non-sugar production period

electricity
0.36MW

alcohol factory

Figure5. Project Boundary

B.5 Details of the baseline and its development:

B.51  Specify thebaselinefor the proposed Project activity using a methodology

specified in the applicable project category for small-scale CDM project

activities contained in appendix B of the smplified M& P for small-scale CDM

project activities:

This proposed project is to reduce CO, emission by replacing fossil fuel by biomass fuel, which

is net zero CO, emission based on the carbon neutral. Hence, the baseline CO, emission in the

12



Project equals to the amount of CO, emission reduction by supplying biomass-generated
electricity to EGAT.

The option 29(b) in Appendix B of the simplified M&P for small-scale CDM was chosen
because data for the generation mix of the EGAT grid is readily available, whereas data on the
“approximate operating margin” and “build margin” needed for option 29(a) is difficult to
gather. Datain 2002 is used for the calculation of the Project baseline, since it is the latest data
available as of now.

Based on aforementioned option 29(b), the Project Activity’s baseline is calculated by
multiplying the electricity produced by the renewable generating unit (referred to hereafter as
‘annual amount of biomass generated electricity’) by emission coefficient of the current

generation mix (referred to hereafter as ‘ average CO, emission factor’).

Baseline annual amount of average
CcO, = biomass x CcO,
emission generated electricity emission factor

A) Annual amount of biomass generated electricity
As mentioned in A.4.2.2, the amount of biomass-generated electricity supplied to EGAT is
estimated to be 54,810 MWhly.

B) Average CO, emission factor
Based on the data of electricity generation per fuel in 2002* and IPCC default values®, the
average CO, emission factor in 2002 is calculated as 0.642 t-CO,/MWh. (For detailed
caculation, refer to Section E)

Therefore,
Baseline annual amount of average
CcO, = biomass x CcO,
emission generated electricity emission factor
= 54,810 MWh/yr x  0.642t-CO,/MWhlyr

“ Source: EGAT Power Development Plan (PDP) 2003

5> Source: Revised 1996 |PCC Guidelines for National Greenhouse Gas Inventories
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= 35188 t-CO,/y

Hence, the baseline CO, emission is estimated to be 35,188 t-CO, /.

B.5.2  Dateof completing the final draft of this baseline section:

March 2004

B.5.3  Nameof person/entity determining the baseline:

Kyoto Mechanisms Business Group

Environmental Assessment Department

Kansai Environmental Engineering Center Co., Ltd.

1-3-5 Azuchimachi, Chuo-ku, Osaka, Japan 541-0052
Tel: +81-6-6263-7308

14



C. Duration of the project activity and crediting period

C.1  Duration of the project activity:

C.1.1  Starting date of the project activity:

2007

C.1.2  Expected operational lifetime of the project activity:

21 years

C.2 Choice of the crediting period and related infor mation:

c.21 Renewable crediting period:

C.211 Startingdateof thefirst crediting period:

2007

C.212 Length of thefirst crediting period:

7 years

C.22  Fixed crediting period:

C.221 Startingdate

C.22.2 Length (max 10 years):
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D. Monitoring methodology and plan

D.1  Nameand reference of approved methodology applied to the project activity:

Item 31, Monitoring for Type |.D - Renewable electricity generation for a grid, Appendix B of
the simplified M&P for small-scale CDM project activities: “Monitoring shall consist of
metering the electricity generated by the renewable technology. In the case of co-fired plants,

the amount of biomass input and its energy content shall be monitored.”

D.2  Judtification of the choice of the methodology and why it isapplicableto the

project activity:

In the Project, the rated output of the first boiler is 60t/y, which is equivalent to approximately
42MW (<45MW) when applying the formula, steam 1kg/h = ca. 0.7kW. This s less than the
45MW threshold for the small-scale CDM.

D.3  Datato bemonitored:
In accordance with item 31 in Appendix B of simplified M& P, which prescribes monitoring
requirement for Type |.D. projects, the data to be monitored in relation to the Project will be the

meter readings of electricity exported by the new power plant to EGAT grid.

Since the Project’s new equipment is designed only for biomass and is not a co-fired plant, the

amount of biomass input and its energy content need not be monitored.
Electricity exported by the new power plant to EGAT grid is measured and recorded monthly by

reading the electric meter directly. Asa means of further quality assurance, accounting data is

aso kept and verified to confirm the data accuracy.
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Table 1. Data to be monitored

M easured (m), Recordi Proportion of | How will the databe For how | . hived
ID number| Datatype Datavariable Data unit calculated (c) or fecor g datato be archived? (electronic/ or dc:tv ?ng |skar<i7|v Comment
estimated (e) requency monitored paper) atobekept:
Electricity .
o . min. of 2 years after
D.31 | Quantitative exported to MWh m monthly 100% electronic y_
. last CER issuance
EGAT arid
D4 Name of person/entity deter mining the monitoring methodology:

Kyoto Mechanisms Business Group

Environmental Assessment Department

Kansai Environmental Engineering Center Co., Ltd.
1-3-5 Azuchimachi, Chuo-ku, Osaka, Japan 541-0052
Tel: +81-6-6263-7308
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E. Calculation of GHG emission reductions by sour ces

E.1 For mulae used:

E.1.1  Selected formulae as provided in appendix B:

E.1.1.1 Basdineemission:

The formula of 29(b) for Type 1.D. in Appendix B of the simplified M&P for small-scale
CDM is selected for calculating electricity baseline emission for the Project.

Based on the above item 29(b), the Project Activity’s baseline is calculated by multiplying the
electricity produced by the renewable generating unit (referred to hereafter as ‘annual amount of
biomass generated electricity’) by emission coefficient of the current generation mix (referred to

hereafter as ‘ average CO, emission factor’) as represented below.

Baseline annual amount of average
CO, = biomass x CO,
emission generated electricity emission factor

A) Annual amount of biomass generated electricity
As described earlier in A.4.2.2, annua amount of biomass generated electricity is
54,810MWh/yr.

B) Average CO, emission factor

Average CO, emission factor is calculated as follows;

Average CO, Totd Totd
emissionfactor = CO,emission + Electricity generation
(t-CO./MWh) (t-COyp) (MWh)
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emission and total electricity generation.

EGAT grid datain 2002°, as represented in the ensuing table, is gathered to calculate total CO,

Table 2. Energy generation and fuel requirement in Thailand 2002

EGAT Data 2002 Actual

Fuel Type GWh |MMSCFD| 10°liter 10°ton
(A)
Hydroelectric
EGAT 6,481
LAO PDR 2,807
Total 9,288
Natural Gas
EGAT 35,608 860
EGCO 11,647 309
RATCH 10,872 246
IPP 9,317 218
Sub-Total 67,444 1,633
SPP 9,246
Total 76,690 1,633
Heavy Oil
EGAT 2,024 521
RATCH 0 0
Sub-Total 2,024 521
SPP 37
Total 2,061 521
Diesel Oil
EGAT 258 67
Lignite
EGAT 16,890 15.2
Imported Coal
IPP 0 0
SPP 2541 0
Total 2,541 0
Renewable Energy
SPP 648
New Capacity 0
Grand Total .

® Source: EGAT Power Development Plan (PDP) 2003
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The above data is used to calculate CO, emissions per fuel type following the calculation
method given below.

CO, Grid Net C emission Fraction of Mass
emisson = fuel x caorificvalue x  factor x Coxidised x conversion

per fuel type consumption per fuel per fuel per fuel factor
(t-CO,) (10%+1) (TY10°1) (tC/TJ) (t-CO/tC)

The illustration below is given using the data for imported coa in 2002.

CO, Grid Net C emission Fraction of Mass
emission = fuel x  caorific value x factor x Coxidised x conversion
per fuel type consumption per fuel per fuel per fuel factor
(t-COy) (10°1t) (TY10°t) (tC/TJ (t-CO,/tC)
=04523x10° x  26.38 x 268 x 098 x  44/12

= 2,401,281 t-CO;,

CO, emission per fuel is summed for al generation types. Following the same procedures as
for imported coal for other fuel types, the total CO, emission for the grid in 2002 was calcul ated
as 69,580,666 tonnes. (Refer to Appendix B for detailed calculation)

Therefore,
Average CO, Totd Totd
emissionfactor = CO2emission +  Electricity generation
(t-CO./MWh) (t-COyp) (MWh)

69,580,666 t-CO, + 108,376,000 MWh

0.642 t-CO,/MWh

Based on the above, the Project baseline CO, emission is as follows;
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Baseline Annual amount of average
CO,

emission generated electricity emission factor

biomass x CO,

54,810 MWh / yr x 0.642 t-CO./MWh

35,188 t-CO,/y

E.1.12 CO,emission dueto the Project activity within the Project boundary:

Sources of GHG emissions due to the Project Activity within the boundary consist of biomass
combustion for electricity generation and ancillary activities such as start-up operation and

transportation.

The IPCC Guidelines stipulate that biomass combustion is assumed to equal its regrowth’.
Based on these guidelines, the volume of CO, produced by combusting biomass fuel (sugarcane
trash and rice husk) in the Project’ s boiler is considered equal to the amount of CO, absorbed by

sugarcane and rice as they grow.

Appendix B of the smplified M&P does not require monitoring of GHG emissions from
ancillary activities. It istherefore deemed unnecessary to include them in the project emissions

calculation.

For reference, section below is an analysis of GHG emission due to the ancillary activity in the

Project; transportation of biomass fuel to the new plant.

Following are the formula and data used for calculating emissions from transportation of trash

and rice husk respectively.

" Source: Revised 1996 |PCC Guidelines for National Greenhouse Gas I nventories, Workbook
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CO, emission Annual

CO;

from trangportation =  distance  x emission factor
of biomass fuel travelled for heavy truck
(t-CO.ly) (km/y) (kg-CO2/km)

Table 3. Estimated CO, emission data for transportation of biomass fuel®

Item Vaue Remarks
(1) Amount of biomass transportec : trash 72,987 tly Actual amount used.
: rice husk 64,300 t/y Refere to Appendix A

(2) Average return trip distance per transportation

100 km/return trip

Rajburi Sugar Data

(3) Truck capacity per transportation

4 t/transportation

Rajburi Sugar Data

CO2 emission factor for heavy truck

) (US heavy-duty diesd truck) 1108 kg-COkm | IPCC Data
(5) Annual distance travelled : trash 1,824,675kmly  |(1)+ (3) x(2)
: rice husk 1,607,500 kmly  [(D)+ () x (2)
Annua CO, emission : trash 2,022 t-CO,ly (5) x (4) + 1000
- rice husk 1,782 t-CO,ly (5) x (4) + 1000

Total CO, emission 3,804 t-CO,ly

Based on the above, total CO, emission due to ancillary activity in the Project is calculated as
3,804 t-CO,ly.

E.1.1.3 LeakageduetotheProject activity:
The Project activity’s renewable energy is produced by new equipment installed for the first
time. Therefore, no leakage calculation is required, per item 30 Appendix B of simplified M&P

for small-scale CDM project activities. However, as described in item 8 under the Genera

8 Calculated based on Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories; CO,:

1097g/km, CH,: 0.06g/km, N,0: 0.031g/km.
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Guidelines, Appendix B of simplified M&P for small-scale CDM project activities, leakage is

considered in the case of biomass projects.

Asto the usage of sugarcane trash outside the Project boundary, there is neither information nor
fact that these are used as a substitute for fossil fuel. On the other hand, some portion of rice
husk has been already used for biomass cogeneration in the host country. However, considering
the annual amount of rice husk being used in the Project is 64,300t, which is merely 1.3% of the
total rice husk gathered throughout the host country, it is quite unlikely that the Project activity
will be an obstacle to its supply and that it will lead to additional usage of fossil fuel outside the
Project boundary.

In addition, the ash of sugarcane trash after being used as a fuel will be returned to the
sugarcane fields as fertiliser, and therefore there will be no need to use additional chemical
fertilisers that emit nitrous oxide (NO) in the sugarcane fields. As a conclusion, no leakage

will occur dueto the Project activity.

E.1.14 Theemission reduction dueto the Project

Since there is no CO, emission from biomass combustion nor transportation of biomass to

compute in relation to the Project, the reduction of CO, emission realized by the Project is

estimated at 35,188 t- CO,annually.

E.1.2  Description of formulae when not provided in appendix B:

E.1.2.1 Describetheformulae used to estimate anthr opogenic emissions by sour ces

of GHGsduetotheproject activity within the project boundary:

E.1.2.2 Describetheformulae used to estimate leakage due to the project activity,
whererequired, for the applicable project category in appendix B of the
simplified modalities and proceduresfor small-scale CDM proj ect

activities:

E.1.23 Thesumof E.1.2.1and E.1.2.2 represents the project activity emissions:
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E.1.24 Describethe formulae used to estimate the anthropogenic emissions by
sources of GHG’sin the baseline using the baseline methodology for the
applicable project category in appendix B of the simplified modalities and

proceduresfor small-scale CDM project activities:

E.1.25 Difference between E.1.2.4 and E.1.2.3 represents the emission reductions

duetothe project activity during a given period:

E.2  Tableproviding values obtained when applying formulae above:

Table 4. CO, emission reduction estimates

reduction

Item Referanf;e/ Annual amount
calculation
A |Baseline CO, emission E11l1 35,188 t-CO,ly
g |EMissionduetothe EL112 0 t-COly
Project activity
L eakage due to the
C Project activity E.113 0 t-COqly
D Tot.al .PI’OjeC'[ CO2 B+C 0-COsly
emission
Pro .
E roject CO, emission A-D 35188 t-COly

24




F. Environmental impacts

F.1 If required by the host Party, documentation on the analysis of the environmental

impacts of the project activity:

While power plants with less than 10MW capacity, such as the Project, are not included in the
list of prescribed activities requiring Environmental Impact Assessment (EIA), they are till
required to comply with Thailand’'s environmental regulations and standards. The Project

therefore has made adeguate provisions to comply with them.

All the Tha environmental standards are in conformity to the Enhancement Conservation of
National Environment Quality Act established in 1992, the only environmental comprehensive
legidation in Thailand. Table 5 compares the Thai environmental standards for air quality with

the performance guaranteed by the Project.

Table 5. Environmental Requirements for Air Quality

Environmental Considerations | Thai Standard Requirements PerfoLmance Ggaranteed
y the Project
Dust 400mg/Nm’ below 120mg/Nm?
NOXx 250ppm or 470mg/Nm’® below 250ppm
SOx 500ppm or 1300mg/Nm® below 300ppm

Should SOx emissions by the project plant exceed the above emissions standard in the most
unlikely event, the Project will install a desulferizer promptly to minimize possible

environmental impacts on the immediate community.

Other points noted are as follows:
Wastewater will not be permitted to leave the plant site. Instead, it will be first treated and
then evaporated from an evaporating pond.
The equipment will be primarily housed in the building. In the case that any such
equipment has to be placed outside, low-noise type equipment with a noise barrier will be
employed set as far from the local residents as possible.
Any nuisance vibration resulting from the operation of the plant is unlikely to occur, since

compulsory groundwork will be laid properly for the equipment setting.
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G. Stakeholder s comments

G.1  Brief description of the process by which comments by local stakeholders have

been invited and compiled:

Hearings were held on several occasions with local stakeholders such as staff at RSC and RSC

contract farmers.

G.2  Summary of the commentsreceived:

The director of RSC showed the expectation of the increase in sugarcane and trash production to
be implemented by the Project, with additional apply of trash-derived ash to the fields as a
fertiliser. The director also noted that careful attention should be given to the resulting impacts

on sugar content in the crops.

Comments received from the RSC farmers were quite supportive of the Project: in particular
mechanization of trash collection were quite preferable for them since skilled manpower for the
practical manual harvesting of sugarcane has been in short in recent years. On the other hand,
they suggested that the storage bag for trash, planned to be made of plastic, should be
reconsidered regarding use of some other fire-resistant materias, due to flammability of the
proposed material.

G.3  Report on how due account wastaken of any commentsreceived:

With intent to assure positive effects resulting from the increase of fertiliser application, the
Project is prepared to provide RSC with anecdotal data supported by scientific analysis on the
potential impacts on sugar content in the crops.

In respect to the request from the farmers, they satisfactory accepted the explanation that the

Project is currently seeking alternatives such as mesh texture bag, which is commonly seen in

use at ranches for dried plant storage.
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CONTACT INFORMATION FOR PARTICIPANTSIN THE PROJECT ACTIVITY

Annex 1

Organi zation: Rajburi Sugar Co., Ltd.
Street/P.O.Box: 302 Silom Road

Building: S A Building, 2™ Floor
City: Bangkok

State/Region: Bangkok

Postcode/ZIP: 10500

Country: The Kingdom of Thailand
Telephone: +66 2237 9999

FAX: +66 2235 4444

E-Mail: Rajburisugar @netscape.net
URL.: http://www.rajburisugar.com
Represented by:

Title: Assistant Managing Director
Salutation: Mr.

Last Name: Arunanondchai

Middle Name:

First Name: Tritip

Department:

Mobile:

Direct FAX:

Direct tel:

Personal E-Mail:

27




Organi zation: Kansai Environmental Engineering Center Co., Ltd.
Street/P.O.Box: 1-3-5 Azuchimachi, Chuo-ku
Building:

City: Osaka

State/Region: Osaka

Postcode/ZIP: 541-0052

Country: Japan

Telephone: +81 6 6263 7300

FAX: +81 6 6263 7301

E-Mail:

URL: http://www.kanso.co.jp
Represented by:

Title: Team Manager

Salutation: Mr.

Last Name: Takahashi

Middle Name:

First Name: Fumio

Department: General Affairs Department
Mobile:

Direct FAX: +81 6 6263 7301

Direct tel: +81 6 6263 7302

Personal E-Mail: takahashi_fumio@kanso.co.jp
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Annex 2

INFORMATION REGARDING PUBLIC FUNDING

The financial plans for the Project do not involve public funding from Annex | countries.
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Appendix A
Fuel Supply

Procurement and availability of trash

Based on the conservative analysis conducted at RSC farms, trash to be used as fuel during
sugar production period will be collected to the extent of about 70% of the total sugarcane
production, while the remaining 30% should be left in the fields for soil conditioning.
Anecdotal document® suggests that the trash-per-cane ratio should be 10.4% with 9 %
moisture, or 91% dry matter. Asthe actua ratio of moisture to dry matter of trash surveyed at
the farms is 49-51, the physical ratio of trash-per-cane will be converted at 18.55%™ for the
Project.

The Project will collect trash by mechanical harvesting using existing and newly introduced
harvesters. Total units will be 16 and 19, with the daily harvesting capacities of 120t and 240t
respectively. Considering RSC's plan to operate 87 days a year for harvesting, trash-per-cane
ratio of 18.55 %, and trash procurable ratio of 70% to the total sugarcane production, the
expected amount of trash available for fuel will be approximately 73,200t/yr:

(120t x 16) + (240t x 19) x 87days x 1855% x 70% = 73,204t/yr

This large quantity of trash sufficiently represents the Project’s requirements of 51,741t/yr as
calculated in the table below.

Operation Qu((;\gtri;gedqatili)r ed Accounts
Weekdays Total (73days) 601
-Daytime on Weekdays 355 26.3t/hx 135h
-Nighttime on Weekdays 246 23.4t/hx 105h
Holidays Total (14days) 562 234tlhx 24h
Total 51,741 tlyr (601t/dayx 73days)+(562t/dayx 14days)

Procurement and availability of rice husk

Due to limited stock of trash, the Project plans to procure marketed rice husk during the non-
production period, of which 170 days are weekdays and 37 days are holidays. Having
obtained the heat value of 1,800kcal/kg of trash and 3,440kcal/kg of rice husk™, or the

° Kawashima et al. 2001, ‘ Sugarcane Stalk as Roughage for Dairy Cattle’
19 Conversion rate 1.784 is applied, based on the percentage of dry matter : 91% — 51%.

1 Source: RSC data
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conversion rate of trash to rice husk of 1.911, the required amount of rice husk as an
alternative to trash will be calculated at approximately 64,300 t/yr:

1) Weekdays: 601 t/day - 1.911 x 170days = 53,380 t/yr
2) Holidays: 562 t/day + 1.911 x 37days = 10,878 t/yr

1) + 2) = 64,258 t/yr

The following table summarizes estimated fuel supply for the Project.

Quantity to be procured
Type of fuel (tonneslyear) Days of supply
Trash 73,200 87days (sugar production period)
Rice husk 64,300 207days (non-production period)
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Appendix B
CO, emissionin grid

CO, emission per fuel typein 2002 is calculated in the following manner;

CO, Grid Net C emission Fraction of Mass
emission = fuel x caorificvalue x  factor x Coxidised x conversion

per fuel type consumption per fuel per fuel per fuel factor
(t-CO,) (10%+1) (TY10%1) (tC/TJ) (t-CO,/tC)

The table next page represents CO, emission per fuel type and its total based on the forecast of
total energy generation and fuel requirement in Thailand 2002*2.

12 Source: EGAT Power Development Plan (PDP) 2003
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EGAT Data 2002 Actual

Calculated based on the Revised 1996 IPCC Guidelines™

Grid Fuel | net calorific| Cemission | Fraction CO, emission CO, emission
Fuel Type GWh |MMSCFD| 10Cliter 10%ton | Consumption value factor c_>f _ (t-CO,) factor
k (TIkt) (tCITY) C oxidized B)x(C)x(D)x(E)xa4/12 | (t-CO,/MWHh)
(A) (B) © (D) (E) (R (A+(A)
Hydroelectric
EGAT 6,481
LAO PDR 2,807
Total 9,288 0 0
Natural Gas
EGAT 35,608 860 7,481.28 21,840,548 0.6134
EGCO 11,647 309 2,688.04 7,847,356 0.6738
RATCH 10,872 246 2,139.99 52.30 15.30 0.995 6,247,401 0.5746
IPP 9,317 218 1,896.42 5,536,332 0.5942
Sub-Total 67,444 1,633 14,205.73 41,471,638 0.6149
SPP 9,246 1,947.48 5,685,395 0.6149
Total 76,690 1,633 16,153.21 47,157,033 0.6149
Heavy Oil
EGAT 2,024 521 491.98 1,514,449 0.7482
RATCH 0 0 0.00 40.19 21.10 0.99 0
Sub-Total 2,024 521 491.98 1,514,449 0.7482
SPP 37 8.99 27,674 0.7479
Total 2,061 521 500.97 1,542,122 0.7482
Diesel Oil 43.33 20.20 0.99
EGAT 258 67 56.49 179,481 0.6957
Lignite 12.14 27.60 0.98
EGAT 16,890 15.2 15,200.00 18,300,749 1.0835
Imported Coal
IPP 0 0 0.00 26.38 26.80 0.98
SPP 2,541 0 945.23 2,401,281 0.9450
Total 2,541 0 945.23 2,401,281 0.9450
Renewable Ener gy
SPP 648 0 0
New Capacity 0 0 0
Grand Total 108,376 69,580,666 0.642
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